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VZ— Easy to Wea 


CSI 


Se Is A NEW EXPLOSION-PROOF 
MOTOR that will solve many of 
your design problems. You can place it 
anywhere you please because it almost 
never needs cleaning or routine main- 
tenance, There are no corners, pockets 
or hidden air passages to collect dirt. 
Fan and housing design keep cooling 
air flow tight against the yoke so dirt 
does not accumulate. When cleaning is 
required, simply blow the dirt off the 
outside of the motor with an air hose. 


Pre-lubricated Bearings 
Bearings are pre-lubricated at the fac- 
tory and should need no attention for 
years. Extra rigidity of the cast iron 


frame holds bearings in alignment un- 
der all operating conditions. 


Corrosion Resistant 
Major external parts are of cast-iron 
with consequent inherent corrosion re- 
sistance of this familiar metal. No ex- 
tra treatment is required and cast-iron’s 
corrosion resistance won't chip off. 
Get All The Facts 

The new Safety Circle Type APZZ ex- 
plosion-proof motor is built in Nema 
standard frame sizes from 224* to 505. 
Call your nearest Allis-Chalmers Au- 
thorized Dealer or Sales Office or write 
Allis-Chalmers, Milwaukee 1, Wiscon- 
sin for Bulletin 51B6144. A-3342 


Safety Circle, Texrope and Vari-Pitch ate Allis-Chalmers trademarks. 


ALLIS-CHALMERS 


Sold... 


ts Corrosio 


Applied... 


Serviced... 


by Allis-Chalmers Authorized Deo 


Certified Service Sho 


ps and Soles Off 


throughout the country. 
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TEXROPE — Belts in 
all sizes and sections, 
standard and Vari- 
Pitch sheaves, speed 
changers. 


*Similar des 


s for complete 
systems. 
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motors, Type APKK, also availab 
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Cer the Be 


Contemporary Design 


Under this somewhat formidable 
head we present each month a pic- 
torial feature illustrating typical new 
machines. Our purpose is to show 
you the sort of work your contem- 
poraries in the machine design field 
are doing and, perhaps stimulate your 
thinking along lines a little different 
from your own specialty. Machines 
to be featured are selected from sev- 
eral standpoints such as attractive 


appearance, clever engineering design... 


and availability of information con- 
cerning them that would appeal to en- 
gineers. Has your latest design been 
pictured here? If not, how about 
sending us a glossy photograph, a 
cross-sectional drawing showing note- 
worthy design features, and an engi- 
neering discussion? We'd like this 
feature to be as representative as 
possible of your creative efforts. 


This Month's Cover 

In commemorating Armed Forces 
Day, May 19, the “Mighty Mo” has 
been selected as a proved engineering 
masterpiece to symbolize the slogan, 
“Defenders of Freedom.” Shown are 
crewmen on quad 40-mm gun mounts 
standing by as the 16-inch forward 
turret fires a salvo at Communist 
installations at Kansong. Observance 
of the day includes a tribute to the 
Armed Forces as a part of the spirit- 
ual power of America now being 
mobilized and a renewal of faith in 
our country’s ideals of peace and 
freedom, to the preservation of which 
this power is dedicated. 





A New "Fellow" 


Author of the current series of en- 
gineering data sheets on stress con- 
centration factors (Page 159 this is- 
sue) is R. E. Peterson, manager of 
the mechanics department at West- 
inghouse research laboratories. This 
month “Pete’’ makes the headlines 
by becoming a Fellow of the Amer- 
ican Society of Mechanical Engineers. 
Elevation to the grade of fellow 
comes only after long and distin- 
guished service to the mechanical 
engineering profession. 


Thanks 


Your response to the verification 
ecards which our circulation depart- 
ment sends out each year has been 
highly gratifying. In 1950 the re- 
turn cards showed 93.8 per cent of 
the recipients of MACHINE DESIGN 
wanted to continue receiving the mag- 
azine, 3.2 per cent didn’t want it, and 
only 3 per cent failed to reply. This 
return reflects a degree of interest 
which we find most encouraging— 
thanks for the lift. 

This seems like a good place to re- 
mind you that we welcome your com- 
ments and suggestions at any time. 
As we-have pointed out before, it 
is physically impossible for us to meet 
every one of you personally. We'd like 
to know why you like MACHINE DE- 
SIGN (or why you don’t), so let’s have 
your orchids or brickbats, whichever 
seem appropriate. 


SBME Again 


A couple of months ago we told 
you a little about the Society of Busi- 
ness Magazine Editors whose emblem 
appears at the foot of Page 3. Like 
other professions, the editorial world 
has its standards of professional con- 
duct and here is how the SBME ex- 
presses them in its Code of ethics 
for business magazine editors: 


I believe in and seek to practice: 

Editorial Accuracy, With reader in- 
.crest as the paramount responsibilt) 
I shall report objectively facts as! 
find them seeking always w 
lend strongest support to the bus- 
ness, profession or industry I serve 

Editorial Judgment. Because th 
publication of injudicious, unfair 
untrue statements undermine hones 
business magazine editorial practice 
I shall judge wisely the words I print 

Editorial Competitiveness. While | 
respect the rights of other editon 
and honor copyright privileges, I be 
lieve in full freedom of the press 
and in editorial initiative. 

Editorial Service. My publication 
serves a fundamental purpose in stim: 
ulating the flow of goods and serv: 
ices . . . therefore I direct my effort 
to building a fount of data for my 
readers. To them I devote the sum 
of my knowledge and the accumulat: 
ed experience of the publication |! 
edit. 

Editorial Leadership. I shall em 
deavor to stimulate my readers t 
constructive thought and action on 
vital issues affecting them so thal 
my magazine may bring enlightened 
leadership in its field. 


Coming Next Month 


In view of the urgent need for 
maintaining well-staffed engineering 
departments in all key machine build- 
ing industries, a special 32-page Sse 
tion on evaluating engineers is | 
readied for the June issue of M‘ 
DESIGN. This timely article b) ; 
dolph W. Chaffee is a seare 
analysis into the basic proble" 
evaluating engineering work 
recognizing and rewarding rea! ' 
and effort. Engineers and en: 
ing executives will find it well \ 
reading and studying. As usua 
copies will be available for t!: 


ing. 
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Design—General 


Aircraft, development of, Edit. 164 

Bearings, thrust, Edit. 150 

Castings, investment, beryllium-cop- 
per, Edit. 121 

Diecastings, electrical appliance de- 
sign, Edit. 127 

Gears, surface wear and tooth break- 
age, Edit. 116 

Materials, selection, Edit. 154 

Pneumatic supply systems, Edit. 141 

Redesign for lower cost, Edit. 147 

Specifying standard parts, Edit. 106 

Stress concentration, Edit. 159 

Surface finish standards, Edit. 137 
















Engineering Department 





Equipment: 
Drafting room, Adv. 221 
Experimental, Adv. 274, 283 
Supplies: 
Drafting room, Edit. 182; Adv. 221, 
244, 278 
Experimental, Edit. 182 












Finishes 
Protective coating, Adv. 175 







Materials 






Aluminum alloys, Adv. 239 
Beryllium-copper, Edit. 121; Adv. 20 
Brass, Adv. 63, 290 

Bronze, Adv. 63, 245 

Carbon and graphite, Adv. 87 

Clad metals, Adv. 55 

Se alloys, Adv. 63, 82, 245, 









Felt, Adv. 193 
High temperature alloys, Adv. 278 
Magnesium alloys, Adv. 257 
Nickel alloys, Adv. 272 
Plastics, Adv. 31, 56, 98, 219 
Rubber and synthetics, Adv. 15, 36, 
195, 197, 235, 289 
ess steel, Adv. 27, 76 
Steel, Edit. 154; Adv. 74, 264 













Parts 


Axle assemblies, Adv. 260 
Balls, Adv. 246, 260 


gs: 
Ball, Adv. 6, 85, 184, 220, 236, 250 
Needle, Adv. 205 
Roller, Adv. 49, 85, 183, 184, 259 
— Adv. 86, 169, 230, 262, 269, 


Thrust, Edit. 150 
. ts, Adv. 10, 40, 200, 203, 273, 279 
Takes, Edit. 170; Adv. 54, 212 
>. ps Adv. 198 
, Adv. 271 
Carbon-pra hi 
Casting. phite parts, Adv. 86 














Die, Edit. 127 
Investment, Edit. 121: Adv. 278, 280 
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# 








Classified for convenience when studying specific 


Permanent mold, Adv. 228 
Sand, Adv. 12, 103 
Chains: 
Conveyor, Adv. 58 
Roller, Adv. 57, 58, 90, 225 
Chucks, power operated, Adv. 204 
Clutches, Adv. 171, 212, 270 
Collars, Adv. 246 
Controls (see Electric, etc.) 
Counters, Adv. 94, 284 
Couplings, Edit. 174; Adv. 42, 171, 
192, 236, 249, 255 
Cylinders, glass, Adv. 273 
Diaphragms, Adv. 202 
Drives, adjustable speed, Edit. 180; 
Adv. inside back cover, 60, 229 
Electric accessories, Adv. 224, 272 
Electric controls: 
Assemblies, Adv. 68 
Capacitors, Edit. 172, 176 
Circuit breakers, Adv. 62, 191 
Connectors, Edit. 176, 181 
Control assemblies, Adv. back cover 
Rectifiers, Adv. 48 
Relays, Edit. 170; Adv. 21, 104, 181, 
190, 238 : 
Rheostats, Adv. 61 
Starters, Adv. inside front cover, 
18, 61, 77, 78 
Switches, Adv. 8, 48, 61 
Timers, Edit. 178, 180; Adv. 256, 
267 
Electric motors: 
Fractional hp, Edit. 170; Adv. 1, 
84, 261, 275 
Integral hp, Edit. 170; Adv. inside 
front cover, 24, 34, 65-68, 84, 97, 
101, 216, 234, 241, 268 
Gearmotors, Edit. 168; Adv. 73, 89 
Miniature, Edit. 178; Adv. 1, 261, 
275, 281 
Timing, Adv. 22 
Engines, Adv. 232 
Fasteners: 
Inserts, Adv. 280 
Locking, Adv. 201 
Nuts, bolts, screws, Adv. 30, 39, 45, 
100, 207, 252, 266, 273, 276 
Pin, Adv. 72, 280, 283 
Felt parts, Adv. 193 
Filters, Edit. 172, 174; Adv. 29 
Fittings: 
Hose, Adv. 189 
Hydraulic, Adv. 92 
Pneumatic, Adv. 92 
Floor plates, Adv. 210 
Forgings, Adv. 277 
Gages, pressure, etc. (see also Instru- 
ments), Adv. 177 
Gears, Edit. 116, 172; Adv. 17, 28, 44, 
194, 245, 254, 256, 272, 274, 279 
Genevas, Adv. 281 
Handles, Adv. 270 
Hose: 
Flexible metallic, Adv. 14, 263, 265, 
279 
Flexible nonmetallic, Adv. 189, 196, 
277 
Hydraulic equipment: 
Accumulators, Adv. 13 
Boosters, Adv. 53 

















design problems 





Cylinders, Adv. 52, 91, 223, 282 
Motors, Adv. 70 
Pumps, Adv. 70, 271 
Systems, Adv. 9 
Tubing, Adv. 71 
Valves, Edit. 176, 181; Adv. 91, 99, 
251, 276, 277, 283 
Joints: 
Ball, Adv. 270 
Revolving, Edit. 168, 174 
Swivel, Adv. 218 
Universal, Adv. 268 
Lamps and lighting, Edit. 114 
Lubrication and equipment, Adv. 43, 
173, 206 
Machined parts, Adv. 248, 270 
Mechanical controls, Edit. 113, 131 
Motors (see Electric motors) 
Mountings, vibration, Adv. 242 
Packings, Edit. 180; Adv. 51, 188, 
208, 226 
Pins, dowel, Adv: 280 
Pipe and fittings, Adv. 16 
Plastic parts, Adv. 80, 98 
Plugs, Adv. 270 
Pneumatic equipment: 
Compressors, Edit. 141; Adv. 248 
Cylinders, Adv. 213, 258 
Valves, Edit. 141; Adv. 251, 276, 
277, 283 
Powder-metal parts, Adv. 243 
Pulleys and sheaves, Adv. 10, 64 
Pumps (see also Hydraulic and Pneu- 
matic), Edit. 168, 170, 172, 174; 
Adv. 32, 42, 227, 254, 276, 282 
Rings, retaining, Adv. 69 
Rubber and synthetic parts, Adv. 15, 
36, 195, 197, 235, 275, 289 
Scales, Adv. 33 
Seals, packings, gaskets, Adv. 2, 5, 
23, 26, 48, 88, 187, 226. 244. 269 
Shafts, flexible, Edit. 126, 168; Adv. 
281 


Shapes, special, Adv. 199, 231 
Speed reducers, Adv. 42, 73, 214, 240, 
255 
Springs, Adv. 46, 222, 253, 266 
Stampings, Edit. 132; Adv. 275 
Temperature control, Edit. 178 
Timing disks, Edit. 180 
Transmissions, variable speed, Adv. 73 
Tubing: 
Seamless, Adv. 14, 50, 79, 217, 233, 
237 
Welded, Adv. 50 
Valves (see also Hydraulic and Pneu- 
matic), Edit. 115; Adv. 16, 211, 247, 
274 
Vibrators, Adv. 48 
Weldments, Adv. 215, 262 
Wheels and casters, Edit. 176, 178 
Wire and wire products, Adv. 200 


Production 


Feeders, Adv. 48 

Gear shaper, Adv. 28 

Special machines, Edit. 133, 134, 136; 
Adv. 91 

Spindles, grinding, Adv. 179 

Testing and equipment, Adv. 251, 283 

Welding equipment, Adv. 83, 209 


MACHINE DESIGN is ‘indexed in Industrial Arts and Engineering Index Service, both available in libraries generally. 








When Bede Products, Inc. originally designed the 
Bede Paint Heater it faced a primary problem: safety. 
Underwriters’ Laboratories, Inc. cautioned against 
the danger of electrical heating in paint spraying areas. 
So a metal block with pipes for paint and air was made 
explosion-proof by a special surface cover and fittings. 
The temperature control unit, which had to be compact, 
economical and accurate, could then be located in the 
block, flanked by heating elements. 
LOW-COST SOLUTION 
A Fenwal THERMOSWITCH Unit — 8/10 of an inch in 
diameter — met all specifications: low cost, precise per- 
formance, compact size, high current-carrying capacity. 
By this, it enables Bede Paint Heaters to lower the cost 
of paint spraying throughout industry. 
YOUR PROBLEM? 
Many types of control problems can be solved by 
easy-to-install, easy-to-maintain Fenwal THERMOSWITCH 
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FREE! Get this bulletin... see what Fenwal I 
* THERMOSWITCH Units can do for you. | 
Just fill in coupon and mail . . . no obligation. | 


FENWAL, INCORPORATED, 195 Pleasant St., Ashland, Mass. , tection 
111 South Burlington Ave., Los Angeles 4, Cal. |G Aterm (over-temperature, 


TEMPERATURE CONTROL ENGINEERS 





Multi-Purpose 
Thermostat helps 
solve 
heat-control problem 
in Bede 
Paint Heater 











BEDE PAINT HEATERS, used to speed up 
paint spraying and save material by heating 
both paint and air, rely on Fenwal Block Head 
THERMOSWITCH Unit installed in explosion- 
proof heating block. 


thermostats. Their activating control element is the 
single-metal shell that expands or contracts instantan- 
eously with temperature changes, making or breaking 
the totally enclosed electrical contacts. Through this 
unique principle, THERMOSWITCH Units effectively con- 
trol many variables where heat is a factor. 

Find out now how Fenwal THERMOSWITCH Units can 
help you in your product. Mail coupon today. 


a... 


-. but Only to heat 4 


1 am chiefly interested in the applications checked 


DC Heating 0 Cooling C0 Humidity Control or De 


00 Vapor Control 
0 Radiant Heat Control 


under-temperature) 
0 Timing (thermal) 
0 Pressure Control (by controlling vapor temperature) 
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No Skeletons in the Closet 








HE HUMAN tendency to place ourselves and others on one 

or the other side of some imaginary fence can hamper thinking. 

For instance the designer of machinery becomes, after hours, 
a user of machines such as automobiles, household appliances, and 
lawn mowers. But if he can project his experience and thinking as 
a user into his work as a designer, his effectiveness on the job will 
be greatly increased. 

What machinery user is not well aware of the many faults and 
deficiencies of other peoples’ designs? The repair man who fixed 
that dishwasher the other day was quite outspoken in his criticism 
of what “the engineers” had done or failed to do in creating a weak 
design and making it difficult for him to get at the offending parts 
for servicing. 

The designer who is not hearing such complaints about his 
own designs need not be too complacement. Chances are they exist 
but are somehow being sidetracked or hushed up. If so it is high 
time to do something about it. As a valuable source of ideas for 
design improvement, customer complaints merit the most careful 
consideration. 

To put these ideas to work requires two steps—establishment of 
close working liaison between engineering, sales and service depart- 
ments to insure prompt transmission of complaints, and systematic 
analysis of these complaints. As Philip Emrieh told the SAE in 
a recent paper, complaints must be analyzed for kind of failure, point 
of failure, conditions under which failure occurred, and the reason 
for failure. Additionally, frequency of failure out of balance with 
sales can quickly show up basic weaknesses which prompt action 
can correct on the rest of the production run. 

It is generally agreed that no amount of pretesting can elim- 
inate every single “bug” in a new design. Performance of the pro- 
duction model in service therefore should be watched just as critically 
as the test models. The rational view regards service failures, and 
the complaints which they generate, not as skeletons in the closet 
but as profitable aids to improved design. 


Abele: hatmribeat 
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By T. C. Lloyd 
Chief Engineer 
Robbins & Meyers, Inc. 
Springfield, Ohio 


ESIGN economy and practical advantage 
D through use of standard parts are well-known 

to most designers. However, full employment 
of such units in design depends to a great extent 
upon a simple, systematized method for selection and 
specification. Such parts are largely purchased com- 
ponents running into thousands of items, from small 
to large quantities in each. They are the familiar 
screws, bolts, washers, rivets, etc., commonly used in 
the design of machines. This article is intended to 
describe a drawing system used to specify standard 
parts. 

The system outlined has replaced one of 50 years 
standing but a brief review of this previous setup 
helps define the problem. All standard parts required 
a drawing with a drawing number. The drawing 
number was used to identify the item on the material 
list as released for production (rather than a written 
description) and for purchasing, material control, 
and stock. As the system grew over a long period, 
the drawings were never planned, so that some might 
show an individual washer, for instance. Others 
might tabulate six or eight items, each identified by 
a group number. Grouping was chronological rather 
than in a logical sequence of sizes. 


Old System Unwieldly 


To locate an item in the drawing file required an 
index of standard parts. Indexing was usually pe- 
riodic, so that in a fairly large and scattered engi- 
neering department there was excellent opportunity 
for duplication of drawings between indexing periods. 
Some of the drawings in active use (or which might 
be picked up for service) dated back as far as 1910. 
In the meantime, national standards had changed 
many dimensions. Such a drawing sent out to sup- 
pliers might bring up the question as to whether a 
standard rivet, for instance, would be suitable or 
whether a “special” was to be supplied as indicated 
through obsolete dimensioning. 

Such was the existing condition with little to rec- 
ommend it except that it was firmly entrenched in 
usage. The labor involved in introducing a more 
logical system and changing over material lists, 
records, and many other details had always dis- 
couraged change. 

This situation is not uncommon in engineering or- 
ganizations with many years of continuous operation 
behind them. The solution to this problem and the 


106 


Specifying Standard 


resultant development of a new system can be of 
general interest to many engineering offices. Con- 
sideration of the factors involved permit the speci 
fication of general principles for approaching such a 
problem. Two factors are involved: 


1. A system of making and tabulating standards 
parts drawings 


2. A method of administering the completed sys- 
tem with follow-up. 


METHODS OF SPECIFYING STANDARD PARTS: It be 
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Adequate planning and care are necessary to assure 
“standard parts" systems which really achieve the 


considerable cost advantage offered by their use 


tame apparent from an examination of standard parts 
drawings available from other organizations that sys- 
tems vary greatly. Fig. 1 shows two drawings used 
by one large organization for specifying truss head 
machine screws. The initial drawing gives only the 
type, size, length, and material,- identified by a part 
number. Hence, a 14-inch, 8-32 screw was part num- 
ber 42,003 while the same screw %-inch long was 
part number 179,254. The drawing number, showing 
these parts and many more, is still different, being 
196,935. No dimensions are given. These are shown 


Fig. 1—One method of in- 

This system uses a drawing 

number and a part number. 

Back of the sheet, right, 

shows drawing with dimen- 
sions 


| TRUSS HEAC MACHINE 
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on the supplementary drawing as indicated. Obvious- 
ly a different series of drawings were needed for each 
type of screw (round-head, fillister head, etc.) and 
for each material or finish. 

In contrast to this system is the one used by the 
U. S. Army Air Corps, shown in Fig. 2. Here one 
basic drawing gives both the dimensions and the 
identification. That is, the drawing number 501 ap- 
plies to all fillister head machine screws, drilled or 
plain, with fine threads, of a range of materials cov- 
ered by group letter. Thus, 501B6-8 is such a screw, 
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a 6-40, 42-inch long, made of brass. The first number 
of the group covers the diameter (6) while the second 
dash number (—8) gives the length in sixteenths of 
an inch. All screws 1 inch long then become —16, 
etc. 

While only these two systems are shown here, 
others based on still different methods were examined. 
It was decided that while they each had advantages, 
they also possessed disadvantages when applied to 
the problem at hand. Accordingly a fresh start was 
made from which the general precepts outlined in 
the following paragraphs were brought forth. 

First, the drawing number and part number should 
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be fundamentally the same. Thus, a part identifis 
basically as F10 should appear on a drawing havi 
the same symbols. Regardless of whether such 
drawing is filed separately, or bound, this simplifig 
the problem of filing and location. 

The drawing number should differ widely from ap 
series of numbers now in use. Considering that th 
new system was to replace the old, any material lig 
or stock record was then obviously corrected or n 
by casual examination of the drawing number. Thi 
was especially useful during the transition perio 
immediately after the new system was introduced. 

What was covered basically by one drawing an 


Fig. 2—A different systea 
of specifying screws coves 


a fan 

rials (but one head tvpe) 
on one drawing, with 1 
more complex group system 
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what became a group resulted primarily from a 
study of all of the variables pertaining to that type 
of part. Thus for screws one can list: Head type, 
diameter, length, class fit, thread series, material, 
and finish. Or for washers: Basic type, size, and 
material. 

It would be possible, referring to screws, to as- 
sume that a designer might be looking for a certain 
length, and that all screws of that length should ap- 
pear on one drawing. By this system, the basic draw- 
ing numbers would be set up for 1 inch screws, 11% 
inch screws, etc. While this is possible, it requires 
duplication of drawings and dimensional data, and is 


contrary to basic identification. That is, a designer 
is more likely to think first of his need for a ma- 
chine screw, a cap screw, or a split-ring lock washer, 
thinking of the size next. This basic type becomes 
the obvious title for a drawing or a group of draw- 
ings. 

Too much attention cannot be given to the listing 
of all of the variables before standard drawings are 
planned. Future needs may readily upset a system 
inadequately planned without consideration of the 
modifications or variables of any part. 

The drawing identifying the part by number or 
group should also show dimensions. Only those items 
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should be put on one sheet which would permit of 
one sketch, with tabulated dimensions. Thus, two 
different basic types, say of lock washers, should not 
appear on one drawing. 

The group number should be significant. Even 
though the entire list of drawings may cover items 
wherein this is not possible, some inconsistencies are 
less objectionable than the advantage of significant 
numbers where they can be used. A good example 
is a group number for length of screws, bolts, rivets 
in sixteenths of an inch (as used by the Air Corps) 
which is an obvious and simple check on a given part, 
Fig. 3. However, a group number for size on a 
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washer, (thus group 4 for those to be used with 
No. 4 screw, etc.) is not satisfactory when exten 
to cover sizes for 14-inch bolts, for instance. In » 
a case, the group number used need not be obviow 
significant. 

Practical considerations as to the size of drawing 
helps determine the division between basic drawing 
and group. Thus all round head machine screws, 
every diameter and length might conceivably } 
tabulated on one drawing. Obviously a single groy 
number is no longer applicable, as group 16 woi 
cover a 1-inch screw regardless of its diameter. Py 
flexibility, it was decided to use only one diameter» 
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sheet, as this was thought to outweigh the disad- 
antag:s of a double group numbering system, with 
ts increased possibilities of error; it required more 
ndividual sheets, of course. 

Grouping in steps, or blocks of group numbers, is 
, useful system. Consider the case of a series of 
manufactured washers (in contrast to purchased 
tems) representing eighteen different inside diam- 
eters. (Used on shafts, they were basically identi- 
fied by ID rather than OD). Each washer was man- 
ufactured in one of three thicknesses of stock. For 
each different inside diameter there were two dif- 
ferent outside diameters. Here was an unusually 
tangled series of variables. 

The problem was to set up a group system using 
the minimum of drawings in a logical arrangement. 
The first step was to divide them into two classes, 
using relative washer widths, wide or narrow. The 
first drawing, say, is the narrow series. The second 
variable, establishing a series is the inside diameter; 
the third as a subseries is thickness. A “block” of 
group numbers was assigned to each inside diameter, 
resulting in three drawings all bearing the same 
number (W-40) as shown in Fig. 4. Thus, 108 in- 
dividual items were identified on two basic drawings, 
each of 3 sheets, by grouping in steps. 





Handling Future Expansion 


In starting this new system, data were available 
on usage on every standard part purchased. An im- 
portant problem involved the question of listing or 
indicating items not in use. For instance, button head 
rivets might be used in large quantities in 14-inch 
diameters, in lengths of 34 and 34-inch. The standard 
drawing might be made with only these two sizes 
shown. With space left for other groups, this might 
satisfy the demands for future expansion, should an- 
other length become necessary. On the other hand, 
such an addition would require the re-issue of this 
sheet to ali holders of the standards book (approxi- 
mately 100 in the case at hand). 

This repetitive detail work could be avoided by 
showing at once all standard lengths on the original 
drawing. This puts complete data on the items in the 
designers’ hands, but does not channel his usage into 
preferred sizes. This emphasizes the need described 
in the next item. 

In most organizations it appears that everyone but 
the designer is interested in simplifying the number 
and variety of items which are used in a product! 
Given a complete listing of all sizes and types, vari- 
ous designers may select a multiplicity of items which 
could better be reduced to one size from the stand- 
point of purchasing in larger quantities, and simplified 
Stock, It is important, therefore, that some system be 
Set up for indicating four classes of usage on each 
item. These are: (a) Items which are usually stocked ; 
(b) items which are preferred sizes, but not stocked; 
(c) items which are standard, but do not fall into 
either of the above classes; and (d) items which are 
not approved for future design. 

One series of standard drawings examined used a 
cirele around the group number identifying the item 
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as being commonly stocked. Details for further 
classification can readily be planned. However, item 
(d) deserves further comment. As a “holdover” from 
old practice, some off-standard items were found 
which could not be eliminated from production with- 
out expensive design changes. Listed in the stand- 
ard book they could encourage future usage unless 
properly identified. Nevertheless, if listed, they ful- 
fill the desired effect of making the standard book an 
index, in which each of a selected group of items can 
be found. On the other hand, omitting a highly 
special item not approved for future design, and con- 
tinuing to designate it by the old drawing number, 
becomes an obvious method of separating standard 
items from ones which are to be eliminated with 
future design change. Which method to use poses a 
question best answered by the needs of an individual 
organization. 

The order of preference of items can be indicated 
as in the foregoing. But any existing organization is 
likely to find usage broadly spread over many kinds 
of parts, oftentimes purely through designer’s personal 
tastes. Thus, fillister head screws might be used by 
some individuals, whereas for the same type of appli- 
cation another designer might use round head and, 
similarly, with the great variety of set screws and 
other parts. 

While an order of preference could be set up on 
the individual sheets, in the present case, it was de- 
cided to issue supplementary instructions attempting . 
to simplify purchases by designating preferred 
classes of parts. This was correlated with reproduc- 
tions of stock lists put out by various suppliers, and 
reproduced as a part of the standard parts book. 

Too much emphasis cannot be placed on the im- 
portance of trade association and National Standards. 
Their growth and expansion in recent years affects 
nearly every fastening device or other item that should 
be found in a standards book. No such project should 
be undertaken without making sure that up-to-date 
copies of such standards are available and used in 
setting up sizes, dimensions, and tolerances. 

Standards change, and the variety of items cov- 
ered may make it possible to identify a part incor- 
rectly. Suppliers quoting on such an inadvertently 
wrong item may supply it as a “special” rather than 
pointing out the nearest standard item. To offset 
this chance for misunderstanding, all standard parts 
sheets were set up with this statement: “This draw- 
ing is intended to conform with National Standards 
on dimensions and tolerances.” 


Developing Company Standards 


Obviously there are many items which are not 
covered by National Standards and which must be 
specified in a standards book. Headless slotted cup 
point setscrews are so covered, but a hollow head set- 
screw with a knurled end for self locking application 
is not. Co-operation with the purchasing department 
and possible suppliers is vitally important in trying 
to set up standards for such latter items. 

In some cases, it will be found that a number of 
suppliers offer the same item with identical dimen- 
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sions and tolerances, although the part is not cov- 
ered by any association standard. To give purchas- 
ing freedom of sources, such drawings are marked: 
“This drawing is intended to conform with manufac- 
turers’ standards on dimensions and tolerances.” 

This also indicates on noncritical items that the 
run-of-the mine commercial product is all that is re- 
quired and no tolerances need be set up. A good 
example of such items would be brass washers. No 
national or trade association standards exist for the 
“small pattern” or “large pattern” types found in 
many catalogs. While tolerances on inside diameter 
are in common agreement, other dimensional toler- 
ances are unknown. Usage was such that these values 
were not critical, hence the statement concerning 
“manufacturer’s standards” saved needless speci‘ica- 
tions and restricted buying. 


Qualifying Standards Data 


In attempting to set up a new series of standard 
drawings there is a natural tendency to want to “do 
the job right” with all necessary data specified and 
defined. The important thing is not to overdo such spe- 
cifications. A government agency or an extremely 
large buyer may be justified in setting up certain 
specifications for material or tolerances on dimen- 
sions. To the average buyer, such a procedure may 
involve an unnecessary restriction. A brass screw, 
for instance may have such a usage that any alloy 
used by a reputable supplier could be perfectly satis- 
factory. Arbitrarily selecting a common alloy and 
including it with the standards specification may 
result in unnecessary trouble for a purchasing depart- 
ment. On the other hand, standard steel rivets are 
supposed to be made of open hearth steel ASA. B18a 
or equivalent. Listing such data, with the author- 
ity of a National Standard behind it may give useful 
information, not only to the purchaser, but to the 
designer as well. 

Probably one question can be used to determine 
whether the qualifying data under discussion on a 
standards drawing is really important or not. That 
question is: Assume that vital production were be- 
ing held up for lack of a part which did not meet the 
specification in question. No serious relaxing of 
quality must be considered in obtaining a substitute, 
but under such circumstances, could alternate B or C 
be used in place of A? If one can conscientiously 
answer this question in the affirmative, considering 
all of the factors involved, there is little use in the 
restrictive specification set up for A. 


ADMINISTERING THE SYSTEM: Setting up a system 
for showing standard parts represents only the first 
step. A second and equally important consideration 
is the procedure for handling the entire system. In 
the case at hand, this problem was complicated by 
the fact that four different engineering departments 
and a tool design department could be specifying 
items covered by the standards book. 

Obviously additions of new items must not be made 
by any individual designer or draftsman without su- 
pervision. Such supervision can best be given by one 
responsible engineer. Whether he is a Standards or 
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Quality Control department member, or a design 
assigned to such a job as a part of his duties. yw 
vary with different organizations. 

The equipment needed for such a job is first; 
complete and continuing library of standards, » 
second a thick skin and a heart of stone! It is tak 
assumed that any old organization finds its usaze ¢ 
components scattered over thousands of items a 
growing daily. One purpose of a standards syst» 
can be the simplification of that usage. While nop. 
inally assigned to the duties of supervising the adi. 
tions to a standards book, it is the real duty of tk 
supervisor to refuse additions. This can be accon. 
plished only if the supervisor refuses to add “grow 
16” to an existing drawing until the designer hs 
convinced him that a 13? inch cap screw with: 
left-hand thread, as requested, is the only possilk 
item which can do the job. 

“Policing” the system in a scattered organization; 
helped by the use of the special drawing numben 
for such parts. As the sole holder of such a list, th 
supervisor readily prevents a careless draftsman fron 
specifying a new standard-sheet item. Assigned: 
regu! .r drawing number unavailable for other typa 
of design work, the unusual combination is readil} 
caught by a checker, or any other department in th 
established routine. Lists are also needed, showin 
the names of all holders of the standards book. Aéd 
ditions and revisions can then be correctly distrib 
uted. 

A list of all of the classes of components belong: 
ing in the standards book is essential. Experience 
with the system indicated that this original list wil 
be greatly expanded either through broader usage a 
new items or extension of the system. The prope 
selection of a group of numbers and the planning of 
the drawings according to the precepts given he 
can best be done by one supervisor. 


Standard Turbines on Tankers 


NSTALLATION of eight General Electric DP me 

chanical-drive turbines for auxiliary purposes on 
each of five new tankers marks the first marine use 
of these standardized turbines. The 28,000-ton tank- 
ers, of which the S.S. T. 8. Peterson is the first com- 
pleted ship, are being built at the Sparrows Point, 
Md., yard of Bethlehem Steel for Standard Oi! Co. 
of California. 

These standard turbines are used for three dif 
ferent applications. Four 500-hp single-stage tur 
bines will be used on each ship to power the «arge 
pumps; the units operate under steam conditi«'s of 
550 psig inlet pressure and 4 psig exhaust, th: inlet 
temperature being 550 F. 

Three 226-hp, 4460-rpm units power the main boiler 
feed pumps; inlet pressure is 545 psig, exhaust pres 
sure 20 psig, and inlet temperature 505 F. The «ighth 
unit will power the fire pumps and an auxiliar\ sy® 
tem; this 94-hp turbine runs at 3000 rpm unde! iden- 
tical steam and temperature conditions as the mail 
boiler feed pumps. 
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Edge control for registering web material during 
po processing utilizes a mechanical sensing finger and 
Hifferential transformer, below, to control a hydraulic 
itp MpeTVO System. Developed by Automatic Temperature en 
ontrol Co., this electric-hydraulic control, shown 
schematically below, is capable of corrective position- 
ng to within 0.001-inch over a range of three inches 
with but 44-0z pressure on the edge of the web. The 


ns 
els 


th ; : 

"02 Fuleru m of the Eo over Pie located that the piston position. The piston rod, attached to the web 

11 feeling edge has a 10:1 displacement ratio relative to guide rail or reel mechanism, keeps the web in regis- 
the transformer armature. The output signal of this , . , . & 

pe ter while traveling at 100 yards per minute. 


ih transformer is fed through an electronic amplifier to 
the a motor controlling the hydraulic valve. Any change 
in position of the sensing finger results in a corre- 


in 
sponding valve movement to correct the hydraulic 






Correction-computing chronograph employs dif- 
ferential gear system to indicate errors on a revo- - le 
lution counter, facilitating the checking of any time- 
piece against a true time reference. In this instru- 
ment, top of next page, standard time is fed into one 
of the wheels of the differential gear by a 60 rpm 
synchronous motor operated on a quartz crystal-con- 
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trolled frequency accurate to one part in 50 million. To avoid loss of time in the standard gear wheel, a 
The time indicated by a timepiece or watch under memory device in the form of a second differential 
test is introduced into the second wheel of the dif- stores the motion of the synchronous motor while 
ferential so that the position of the differential shaft the counter is stopped. When the telegraph key is 
is proportional to the difference between an indicated released after reading, the memory differential auto- 
time period and standard. Because mechanical con- matically transfers its stored time to the counter and 
nection of a watch to the system is not feasible, an resets to zero ready for the next interruption signal. 
input signal is manually introduced by a crank and The key, controlling a relay and solenoid, clamps the 
is indicated on a dial calibrated in minutes and differential gear shaft and releases the second dif- 
seconds. When the watch indicates the time shown ferential system, actuating the memory unit in this 
on the dial, the operator presses a telegraph key to chronograph developed by H. A. Bowman and F. E. 


stop the counter for the error reading. Jones of the National Bureau of Standards. 


Electroluminescence, a new condenser - lamp 
method of producing light, may some day be devel- 
oped as a light source for machines where space re- 
strictions or other considerations have prevented the 
use of present-day incandescent, fluorescent or vapor 
lamps. Principle of operation of the lamp is shown 
in the diagrammatic sketch below. In this new 
method a thin panel, electrically energized, can pro- 
vide a relatively high level of lighting from a low 
brightness source as indicated in the illustration at 
right. 

This unusual photograph was taken with only the il- 
lumination of the electroluminescent device shown. It 
has a brightness level of about 3 foot-lamberts. Be- 
cause of the large surface area of the unit it provides 
direct illumination which in its effect is much like 
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indirect lighting. Research on this new lighting meth- 
od has been conducted by Messrs. Payne, Mager and 
Jerome of Sylvania Electric Products Inc., who have 
produced relatively high lighting levels with panels as 
large as two by three feet, operated on commercial 
frequencies and voltages. The units having the great- 
est light output are, however, green. Other colors in- 
duding yellow and red have been successfully dem- 
gnstrated in small sections but are effective only when 
relatively high frequencies (5000 to 8000 cps) are ap- 
plied. It is interesting to note that the lamp produc- 
ing green at 60 cycles becomes blue-white at 3000. 
The light emitted is proportional to the power con- 
sumed, varying with the voltage and frequency. 
Brightness values of at least 20 foot-lamberts have 


Ball valve, below, utilizes Bernoulli’s principle in 
that the ball centers itself in the flow stream during 
valve closing. Designed by the Paul Valve Corp., the 
valve has venturi inlet and outlet passages to in- 
crease the velocity of the fluid flowing through the 
valve to suck the ball against its seat, making a tight 
line-contact seal. A ball guide, as shown in the draw- 
ing of the valve in closed position, is fixed in the 
valve body to position the ball during closure against 
the seat. Also, a wedge member in the valve-stem 


yoke mechanically seats the ball and holds it securely 
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been attained in these experiments. 

Electrical energy is converted into light by the 
action of a pulsating electric field upon a suitable 
phosphor dispersed in a dielectric. Intermediate phe- 
nomena, such as a gaseous discharge or cathode-ray 
bombardment, are not involved and no gas-tight en- 
velope is necessary. The absence of intermediate 
phenomena gives the method simplicity, flexibility 
and possibility of economy. The lamps tested at 
Sylvania are made by spreading a thin film of phos- 
phor, dispersed in a light-transmitting dielectric, onto 
conducting glass. A metallic backing is then applied, 
leaving a margin for insulation. Electrical connec- 
tions are made to a metallic strip along one edge of 
the glass and to the metal backing. 


regardless of pressure and flow conditions in the 
system. 

During opening, the yoke raises to lift the wedge 
and then bring fingers up to roll the ball from its 
seat. In full open position, both the yoke members 
and the ball are removed from the stream to give the 
valve unimpeded full-flow characteristics. Rotation 
of the ball during valve operation presents a new 
seating surface upon each closure to increase the serv- 
ice life of the ball. Throttling action is virtually a 
straight-line characteristic from full flow to closed. 
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GEARS 


... improving the resistance of heavy- 
duty gearing to service damage 


By Kenneth N. Mills 


Mechanical Products Manager 
International Derrick and Equipment Co. 
Columbus, Ohio 


OAD carrying capacity of a gear set is deter- 
mined by its ability to resist surface wear and 
tooth breakage. Basically, resistance to surface 

wear is a function of surface contact stressts. How- 
ever, this is influenced by surface treatment, lubrica- 
tion and tooth design. Resistance to tooth breakage 
is dependent on the intensity of the bending stress 
at the base of the tooth. In turn, the fatigue strength 
is influenced by tooth design, surface treatment and 
heat treatment. Also, excessive rates of surface wear 
can create points of stress concentration which will 
cause the tooth to fail in fatigue, Fig. 1. 

Fortunately each type of surface failure produces 
a characteristic wear pattern which can help deter- 
mine the cause of the wear. As all types of surface 
wear produce metallic particles which enter the lub- 
ricant and tend to create additional surface wear, the 
wear may be accelerated if it is not detected in its 
early stage. Because some types of surface wear can 
be produced by several types of tooth errors, the 
initial investigation should cover all possible causes 
for condition observed. Usually they will require a 
complete check of the gear teeth for profile, spac- 
ing and helix errors together with and inspection of 
the teeth for finish and workmanship. Naturally, the 
obvious possibilities such as a misalignment between 
shafts, excessive loads and insufficient lubrication 
should not be excluded. 

Due to the physical size of most heavy-duty indus- 
trial gearing and the accompanying low production 
volume, the designer is limited to gearing which 
can be manufactured economically. Usually, economic 
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considerations eliminate some of the designs used it 
light-duty high-production gearing. However, basit 
information gained from research work on this type 
of gearing may suggest solutions applicable to low 
production industrial gearing. 

Frequently excessive wear rates are experienced 
in gears designed in accordance with recognized geal 
rating standards. Usually, this occurs on gear 
which are loaded to their capacity. Failure may re 
sult from using a lubricant with insufficient film 
strength to resist the applied load, or it may be the 
result of a design defect which prevents formation of 
an oil film. As the film strength of the lubricant 
varies with temperature, the quantity of the !ubri- 
cant reaching the contacting surface must be suffi 
cient to keep the oil temperature below some critical 
value. Excessive oil temperature can be created i 
high-speed gear trains by over-lubrication. In this 
case the excessive temperatures result from the 
energy required to displace the excessive lub: icant 
during tooth engagement. 

Motion between contacting gear teeth is a com 
bination of rolling and sliding, the magnitude ©! the 
sliding velocity being dependent on the design : the 
teeth and the gear ratio. In Fig. 2, showing variation 
in sliding velocity with contact position, it will & 
noted that the sliding velocity is a maximum at the 
base of the tooth and decreases as the contact post 
tion approaches the pitch line. After the contact point 
passes the pitch line, the sliding velocity again 
creases. The direction of this sliding action is «Way 
from the pitch line on the driver and toward the piteb 


MACHINE DEsIGN—-May 195! 





m 


Vn = = © ff tse orcs aseroewcrownods wa 





; type 
» low 


enced 
| gear 
gears 
Ly re 
film 
ie the 
on of 
icant 
lubri- 
uffi- 
itical 
d in 
this 

the 
cant 


om: 
the 
the 
ation 


+ the 
posi- 
point 
n in 
way 
pitch 

















line on the driven member in a gearing system. 

If the oil film is ruptured by scraping action re- 
sulting from tooth profile errors, extensive general 
wear may occur. If the film is ruptured momentarily 
by an impulse load, the resulting wear will be less 
severe because the film will be re-established. Minor 
tooth profile errors and surface irregularities can 
cause a momentary rupture of the oil film which will 
be repaired when the point of contact has moved to 
amore advantageous location. This type of wear is 
usually corrective, as it results in the offending points 
being worn off. Tooth profile and spacing errors can 
create high instantaneous rates of acceleration which 
may create high dynamic: loads. These high instan- 
taneous loads can cause a*momentary failure of the 
oil film and’ limited localized wear. In all of these 
cases, the wear will be of an abrasive or rubbing off 
nature, and the first signs of wear should appear 
in the zone of maximum sliding. 

One mild but malignant type of abrasive wear can 
eeccur on the flank of the pinion tooth as a result of 
the action of the gear tooth during its approach to 
the pinion tooth. The path of the tip of the gear 
tooth as it approaches and meshes with the mating 
Pinion tooth is shown in Fig. 3. In this illustration 
it will be noted that the tip of the gear travels very 
close to the flank of the pinion prior to its engage- 
ment with the pinion. If the tip of the gear tooth 
'ssharp, it will scrape the lubricant from this portion 
of the pinion tooth and contact will occur on relative- 
ly dry surfaces. , 


If the gear contains either spacing or profile errors, 
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the tip of the gear tooth will scrape the flank of 
the pinion tooth during approaeh, and the sharp 
edge of the gear tooth will tend to wear the 
flank of the pinion tooth. This type of defect will 
cause the teeth to wear at a rapid rate. If the gears 
containing this defect have commercially acceptable 
involutes and good surface finish, wear will produce 
very fine metallic particles suspended in the lubri- 
cant. This type of wear can be prevented by provid- 
ing the gear teeth with a chamfer or radius. 

In the event of a general oil film failure, the tooth 
surfaces will deteriorate at an accelerated rate and 
show signs of local welding. This type of failure 
is known as scuffing, scouring or galling, Fig. 4. 
In this illustration it will be noted that the tooth 
faces are scored radially and show evidence of peen- 
ing. The radial score lines were caused by local welc 
ing, and the peening by the entrapment of metallic 
particles between the teeth. A more drastic example 
of this type failure is shown in Fig. 5. In its early 
stages this type of failure will appear as radially 
scored grooves starting at the base of the tooth and 
running toward the pitch line. The edges of these 
initially scored grooves form additional high points 
to puncture the oil films and cause additional local 
welding. This surface roughness creates local points 
of high temperature, decreasing the load capacity 
of the oil film and accelerating the deterioration of 
the tooth surfaces. In some cases this type of wear 
can be prevented by using a lubricant with a higher 
film strength. However, in the more critical cases a 
mild extreme-pressure lubricant must be used. These 
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Fig. 4 — Right — Oil film 

rupture caused the charac- 

teristic welding failure of 
this herrin e gear 


Fig. 5—Below—Gear fail- 
ure resulting from local 
welding. When welding 
starts, ge progresses at 
an increasing rate until ulti- 
mate failure results 


lubricants contain agents which form antiwelding 
films on the tooth surfaces and materially increase 
their resistance to galling or welding. If this type 
of wear is detected in its early stages, it is probable 
that the gears can be salvaged by cleaning the metallic 
particles from the gear housing and changing the 
lubricant to a mild extreme-pressure lubricant.~* 

One of the most common types of tooth wear is 
pitting. Experience has shown that pitting is in- 
fluenced by the film strength and cleanliness of the 
lubricant. The phenomenon of pitting has been classi- 
fied in two categories, and, while the conditions caus- 
ing them are similar, the end results are different. 
Initial pitting can be classified as a corrective proce- 
dure which occurs during the wearing-in process and 
disappears during the course of normal wear. In 
a case of this type small pits will develop gradually 
on the tooth face below the pitch line. After a limited 
number of these small pits have developed the pitting 
process will be arrested and normal wear will grad- 
ually remove them. 

If the pitting is progressive or destructive, the pits 
will develop in the same manner but at a“more rapid 
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rate. Also, the size of the individual pits will k 
greater. In this case the size and number of pits 
will continue to increase until the entire tooth profil 
below the pitch line is destroyed. A short addendum 
gear which was destroyed by pitting is shown in Fig. 
6, and a section of a long addendum pinion which 
was destroyed by pitting is shown in Fig. 7. Each 
of these elements was removed from speed reducers 
which had been severely overloaded. 
Buckingham! has explained the phenomenon of 
pitting as a combination result of plastic flow of the 
surface layer of the gear tooth and subsurface shear 
stresses developed by tooth contact. Plastic flow 
of the surface layer of the gear tooth results from 
the combination rolling and sliding motion between 
the mating teeth, causing the surface layer to travel 
in the direction of rolling. In this case the material 


1 References are listed at end of article. 


Fig. 6—Progressive pitting caused failure of this short 
addendum gear. Damage occurs below the pitch line 
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y gauses these cracks to propagate. 
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tends to travel as a wave in front of the roller as 
shown in Fig. 8. Naturally, when sliding exists in 
gmbination with rolling and its direction is the 
game as that of rolling, the rate of surface movement 
will be increased, Fig. 9. 

This plastic flow of the surface layer work hardens 
i, increasing its resistance to plastic flow. Some- 
Mimes this results in the formation of small surface 
qacks and the repetitive nature of the tooth action 
If the lubricant 
becomes trapped in the cracks, it will tend to lift out 
mall particles of the material, developing small sur- 
face pits. This type of pitting is usually classified 
as initial pitting and is not detrimental if the rate of 

ace strengthening from the cold working is suf- 
iciently rapid to arrest the surface cracking process. 
| If tooth loading is excessive, high subsurface shear 

esses resulting from contact between the curved 
poth surfaces will develop subsurface cracks parallel 
to the surface. If this process is accompanied by 
the development of surface cracks, the conditions 
required to produce destructive pitting are estab- 
lished. Cracks and small pits will be repeatedly 
formed on an expanded scale. The pits will become 
larger and deeper and the tooth profile will be de- 
stroyed if it is not arrested. In general, pitting is 
usually confined to the dedendum section of the pro- 
file as shown clearly in Figs. 6 and 7. 

Practical experience with gears has shown that 
pitting is influenced by lubrication, and that the vul- 
nerability of the gears to pitting increases as the 
viscosity of the lubricant is decreased. This would 
seem to indicate that the hydraulic action of the lu- 
bricant in the small surface cracks might be the 
sole cause of pitting. However, experience has shown 
that pitting can be arrested and eliminated by chang- 
ing the lubricant from a straight mineral oil to an 
extreme-pressure (EP) lubricant of the same viscos- 
ity. This practical observation would indicate that 
the probable beneficial result attained from EP lubri- 


. 


Fig. 7—Pitting failure of a long addendum gear which 
was overloaded in service 
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cants are the result of decreased friction because a 
decrease in the magnitude of the sliding friction force 
would decrease the rate of plastic flow in the surface 
layer of the tooth. Some recent experimental work 
conducted to determine the cause of service pitting in 
tractor gears has exposed another factor which can 
cause gears to pit. This work? has shown that gears 
using a lubricant contaminated with dirt are more 
susceptible to pitting than gears having clean lubri- 
cant. 

Although surface failures are the most common, 
heavy-duty precision-cut industrial gearing is not im- 
mune to tooth breakage. Pitting can cause breakage. 
Because pitting does not occur uniformly over the 
tooth face, it disrupts the theoretical load distribution 
and tends to eliminate conjugate tooth action. Dis- 
ruption of the load distribution will increase the mag- 
nitude of the bending moment imposed on the tooth. 
Also, pitting creates sharp-cornered depressions near 
the root of the tooth which act as points of stress 
concentration in the zone of maximum bending. These 
combined adverse effects of pitting have caused tooth 
breakage failures and, in these cases, the point of 
origin of the fatigue crack was a deep pit. 

Economic pressure and technical advances in ma- 
chining of metals have been responsible for a gradual 


\\ 
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Fig. 8—Above—Sketch showing combination 
action of rolling and sliding to produce plastic 
flow of surface layer 


Fig. 9—Below—Direction of rolling and sliding 


motions during engagement of gear and pinion 
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increase in the hardness of through-hardened gears. 
As a result of this trend, tooth pressures have in- 
creased, introducing requirements for lubricants with 
higher film strengths. Technical advances in lubri- 
cant have kept pace with this requirement. Some of 
the gear tooth design concepts, however, have not. 
When the hardness of a material is increased, its 
ability to adjust itself to local stress conditions is 
reduced. The harder steels are more affected by a 
given stress raiser than are the softer steels. This 
fact is dynamically illustrated by Fig. 10, which was 
shown by Johnson and Lipson®. 

In Fig. 10, K is the theoretical stress-concentra- 
tion factor, F is the true stress concentration factor 
and Q is a factor used to account for the difference 
between the theoretical stress-concentration factor 
and the actual factor determined in fatigue tests. If 
the quantity Q is equal to 1, the stress-concentration 
factor is equal to the full value of the theoretical 
stress-concentration factor. If it is equal to zero, the 
material is not stress sensitive. As this analysis is 
based on properly heat-treated materials, heat treat- 
ing errors which decrease the impact strength of the 
material will tend to magnify the adverse effects of 
stress concentration. Probability of the existence of 
this type of error increases as the material hardness 
is increased. The probability of the existence of this 
condition can be decreased by using materials with 
higher hardenability, particularly when high hard- 
ness is desired in heavy sections. Naturally, the im- 
portance of this effect will depend on the design of 
the radius at the base of the tooth and its impor- 
tance will decrease as the size of the radius is in- 
creased because this is critical in bending fatigue. 

A typical fatigue tooth failure is shown in Fig. 11. 
In this case the fatigue failure started at the top of 
the root fillet which is the point of maximum stress 
concentration. Williams* has stated that the stress 
concentration factor for a normal size root fillet is 
3.5, and it can be reduced to 1.7 through the use of 
a full radius at the tooth root. This theoretical 
information and experience suggests that a larger 
than normal root radius is desirable on heavy-duty 
gearing when the higher hardness ranges are used. 


Fig. 10—Notch sensitivity plotted against stress con- 
centration factor showing at harder steels are more 
sensitive to stress raisers 
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Maximum practical root radius size is dependent 
on the process used to produce the teeth. The top of 
the fillet radius must be kept slightly below the ac. 
tive portion of the tooth profile. This clearance 
should be sufficient to allow for shop variations with 
a reasonable margin of safety. Maximum fillet siz 
may be limited by the type of tooth tip required on 
the cutter to produce the radius. In certain types of 
generating processes, the necessity of maintaining a 
minimum width land on the top of the cutter tooth 
limits the maximum practical radius. If the top land 
on the cutter tooth is reduced below this critical value, 
the life of the cutter will be adversely affected. 

Because the shafts and housings supporting the 
gears are not perfectly rigid, their deflections pr- 
clude the possibility of uniform load distribution over 
the gear face. These deflections usually occur ina 
manner which places the maximum tooth pressure 
on the edges of the gear face. If the face widths of 
the gear and pinion are équal, this condition can ip- 
duce high bending stress in the pinion teeth and may 
cause them to fail in fatigue. A typical failure of 
this type is shown in Fig. 1. The intensity of th 
bending stresses in the pinion teeth due to this cor 
dition can be reduced by making the face width o 
the pinion greater than that of the mating gear. Tha 
the magnitude of the stress at the edge of the tooth 
is reduced, and the possibility of failure is lessened 

Solutions to all types of gear failure problems re 
quire careful examination of the damaged part andi 
complete review of the history of the part. The re 
view should include an analysis of the applied loai 
and a careful review of the gear manufacturing proc: 
esses. In too many cases the engineer designs a geal 
to do a specific job but fails to follow threugh o 
the manufacturing processes to find if factors ar 
introduced which are unfavorable to performance 
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Fig. 11—Fatigue failure which started at the top of the 
root fillet, the point of maximum stress concentration 
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Designing Beryllium Copper 
Investment Castings 


In the interests of manu- 
facturing economy, the 
possibilities of investment 
cast beryllium alloy should 
be carefully investigated 


ERYLLIUM copper is finding increased use as 
B an investment casting material for the produc- 
tion of a wide range of industrial parts. The 
unexcelled casting characteristics of this alloy per- 
mit flexibility of design with important cost saving 
opportunities, and beryllium copper castings develop 
through age hardening the same useful properties as 
Wrought materials. 
On the basis of experience, reasons for choosing a 
beryllium copper investment casting can be sum- 
marized as follows: 


1. To take full advantage of the many useful prop- 
erties of beryllium copper in the engineering of 
new designs 

2.To replace parts or assemblies fabricated by other 
production methods where the combination of 
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Fig. 1—In this assembly for a textile machine, excellent 
abrasion resistance is necessary to combat wear at high 
speeds, as several strands enter the wide end and emerge 
as a single thread at the narrow end. Parts are engi- 
neered to fit closely as cast without machining 


Fig. 2—One of the smallest castings ever produced, this 
part was formerly machined from extruded steel stock, 
but machining presented a handling problem because 
of size. Beryllium copper provides a tolerance of + 
0.001 inches on the 14-inch distance between hole cen- 
ters, permits sections as thin as 0.050-inch and gives 
minute detail as exemplified by the serrations 




















beryllium copper and investment casting means 
the lowest cost consistent with good operation 
3. To replace other investment casting materials for 
lower cost or better performance. 
Beryllium copper parts find use in communication, 
textile, aviation, electronic, business machine, fire- 
arm, instrument, ordnance, paper processing and mis- 


and mechanical applications, 


cellaneous_ electrical 
Fig. 1. 

The following section lists the features and limita- 
tions of investment casting; subsequent sections deal 
with the advantages, design considerations, engineer- 
ing properties and processing characteristics of beryl- 
lium copper. 

Wuy INVESTMENT CASTING? Investment casting, 
sometimes known as the “lost-wax process”, is a rela- 
tively new method for producing small precision 
parts. This much publicized World War II develop- 
ment has now become a useful production tool in the 
industrial field. Through accurate reproduction of 
detail without machining, investment cast parts are 
frequently not only cheaper but may also include de- 
sign features not otherwise attainable. 

The degree of intricacy available in “as-cast” parts 


Fig. 3—A .22 caliber rifle bolt precision 
cast from beryllium copper with toler. 
ances as close as + 0.002-inch on certain 
dimensions and requiring no machini 
other than gate removal. Beryllium 
per was selected to combine thick and 
thin sections and sufficient detail to elim. 
inate an additional part 


Fig. 4—Formerly this part for a paper 

box machine was assembled from two 

toolsteel pieces; however a beryllium cop. 

per investment casting was found suffic. 

ently hard and made possible a saving 
of 10 cents per part 


reduces substantially or may even eliminate expen 
sive machining, Fig. 2. Consequently, as-cast dimen- 
sions often do not require finishing to meet toler. 
ances. Projections, recesses, irregular holes, ex- 
ternal undercuts and other details which ordinarily 
present difficulty in fabricating can usually be in- 
corporated into the casting, Fig. 3. 

Optimum design freedom is obtained through wax 
welding in the pattern stage, making possible final 
parts that could not otherwise be readily produced. 
Several components or subassemblies can be com- 
bined to give a single unit with improved appearance, 
reduced weight and greater strength or rigidity at 
lower total cost. 

Compared to other production methods, the tooling 
cost for investment castings is relatively low. The 
choice between permanent and soft metal dies is gov- 
erned by several factors. Although soft metal dies, 
made from a model, are economical and provide 4 
rapid method of preparing samples, they are recom- 
mended only for short runs of simple pieces. Per 
manent dies, fabricated from steel or aluminum i'n 4 
way which permits design changes to be incorporated 
at very little cost, are necessary for long runs and 


Table 1—Several Investment Casting Alloys Compared 





Yield 


Strength 


(0.2% 
Offset, 


Alloy Condition psi) 


Compressive 

Strength 

Elongation (0.001-in. 
(in 2 in.) Set) Hardness ductivity ductivity 
(%) (psi) (Rockwell) (% IACS) (CGS) 





Heat treated 150,000 
Heat treated 

As cast 

As cast 

As cast 

As cast 

Heat treated 

Tempered 

Quenched 

Tempered 


Beryllium copper 
Aluminum bronze 
Manganese bronze 
Tin bronze 

Silicon bronze 

Red brass 

S Monel 
Medium-carbon steel 
Stainless stee]—304 
Stainless steel—410 


2 175,000 c40 22 0.29 

10 40,000 B90 14 
24,000 B75 18 

B70 7 

B65 7 

B20 15 

C36 3 

B92 11 

B73 2 

B98 2 
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Fig. 5—This 











rung copper was selected since it furnished 
> - » the required mechanical properties 
< and with a 25 per cent cost saving over a 


elim. 


Paper 
| two 
1 COp- 


aving 


for parts of intricate design. 

The low cost of tooling makes small quantities, as 
low as a few hundred pieces, practical even though 
the price per piece may be considerably higher than 
other methods requiring a high tooling charge. Con- 

| sequently pilot lots are often investment cast to 
make test runs before final dimensional approval is 
given, due to the low cost of changing tooling. In 
addition, short runs can be cast to test new markets 
with minimum initial tooling investment. Since set- 
cpel- # up time is a minor factor, buyers may avoid heavy 
men- @ inventories by specifying delivery of small quanti- 
oler- § ties at regular intervals and still secure a low price. 
ex: All these advantages. are readily available through 
arily § investment casting techniques, but some caution 
2 in- § should be observed to prevent misapplication. Among 
available founding methods, it is considered a pre- 
wax §@ cision process; however, the degree of dimensional 
final # accuracy cannot compare with that obtainable 
iced. @ through precision machining. In addition, investment 
com-@ casting cannot compete pricewise with screw ma- 
ince, @ chine or sand cast parts requiring few finishing op- 
y at@ erations, Fig. 4. . 
Although relatively simple or symmetrical shapes 


ling # can be produced faster and cheaper by automatic — 


The @ machining methods, investment casting may offer 
gov-@ short-run economies where screw machine parts 
dies, Would require special set-up or equipment. Even 
ie af Where simple machined, stamped, die-cast, or sand- 
‘om: § cast parts may offer the lowest overall cost, invest- 
Per-@ Ment castings may be employed to take advantage 
in aff design features not otherwise attainable, Fig. 5. 

ited Castings are usually limited to small sizes, since 
and § competitive advantages decrease as overall dimen- 
sions increase. Parts under % pound are most suit- 
able and although much heavier pieces (up to 10 
pounds or 7 inches along the greatest dimension) are 
bessible, they are expensive and often not practical. 
Sand castings lack the precision or dimensional con- 
| ins @ ‘tol obtainable in small investment castings; in large 
= parts, however, sand castings provide equivalent ac- 
770 fy “Uacy at lower cost. On the other hand, the mini- 
1950 | Mum size for investment castings has, as yet, not 
been determined. 


is | =WHY Brerytuium CopPrpeR? This alloy generally 





= owes its selection to favorable casting and mechan- 
- tal properties. Where final properties may be of 
2 





Secondary importance, beryllitm copper is frequently 
Specified for its excellent casting qualities, Fig. 6. 





MACHINE DesIGN——May 1951 





investment-cast 
pawl replaced an assembly of two 
stampings plus a separator. Beryllium 


similar steel investment casting 


Fig. 6—This index shaft button for an aircraft instrument re- 
if fic. places a similar nickel-alloy precision casting. The added cast- 
ability of beryllium copper provides the fine definition required 
on the teeth with appreciably lower scrap losses 


push 


By virtue of relatively low pouring temperature and 
good fluidity in the molten state, it is especially adap- 
table to investment casting. 
Since beryllium copper is an age-hardening alloy, 
the tensile strength of solution-annealed castings can 
be readily increased from 65,000 to 170,000 psi by 
means of a simple, low-temperature heat treatment. 
In addition to high strength and hardness, this alloy 
retains the corrosion-resistant, nonsparking and non- 
magnetic characteristics of copper. Other properties 
include good electrical and thermal conductivity as 
well as excellent resistance to wear and moderately 
elevated temperatures. With decreasing tempera- 
tures (at least to —370F), increases over room tem-: 
perature ultimate and yield strengths combined with 
no loss of ductility or shock resistance suggest good 
service with no embrittlement in subzero atmos- 
pheres. TABLE 1 affords a comparison among several 
casting alloys. 
The relatively low pouring temperature of beryl- 
lium copper combined with its good castability offers 
the following advantages over steel: 
1. About 33 per cent more parts per flask 
2. Scrap loss considerably lower 
3. Pieces with section changes more easily cast 
4. Not susceptible to hot shortness frequently encoun- 
tered in similar steel castings 
. Extensive thin sections more readily filled 
. Cleaner holes and slots 
7. Lower melting point makes possible the use of a 
more desirable investment 

8. Lower melting point reduces gas absorption, in- 
suring smoother surfaces and no blowholes 

9. Less shrinkage in heavy sections. 


oO 


By virtue of these advantages, beryllium copper 
frequently offers the lowest overall cost. Compared 
to other copper-base alloys, beryllium copper parts 
are stronger and give better resistance to wear and 


Table 2—Composition of Alloy 20C 


(Percentage by weight) 





SN 9 04-05 bab tn UE Kd6 v0 6) aa eR OdS 1.90-2.15 

GN 6. ha6p cei ocsteessé cama ccccerseteeacte 0.35-0.65 

DE” | %a5.0%saeetedsadeskupecsawens beck ese 0.20-0.35 

BD dk cna duno vce cvrchGesceetvuvd biter dts 0.25 max, 
RRR. «0 00 0 hn 606 68.620 00d vocesab Sd esecee 0.15 max 
6 wan obhs cent ctcdeeueed rhea soeueekads 0.10 max 
BE nds 068Gs c064d-0i 00 cu cadabwhelocs ween 0.02 max 
BD htc uee MAb teed 0 cons chabicaads badaEy 0.10 max 
ee ee ee een rey Sete 0.20 max 
RL Den windccudsodiecak sh¥Seees Beh eeae 0.005 max 
GE 6 wae tice 56 6b:50604uds 6001060460 anes remainder 




















Fig. 7—A single cast- 
ing which replaced a 
three-piece assembly of 
spring steel on an elec- 
tric counter of a paper 
box folding machine. 
In addition to savings 
in initial cost, the cast 
beryllium copper unit 


insures depen 
eration 


ble op- 
through 


in- 


creased rigidity 


elevated temperatures. Operating temperatures may 
run as high as 500 F without appreciable loss of 
hardness. In addition, the good running qualities of 
beryllium copper make possible gating off a thin sec- 
tion to fill a heavy section, thereby offering under 
special conditions simplified gating and certain de- 
sign advantages. 

Although there are available several special-pur- 
pose materials, the most widely used beryllium cop- 
per alloy for investment casting work is known as 
20C and has the composition given in TABLE 2. Al- 
loy 20C meets the requirements of Navy Specifica- 
tion 46C11 for beryllium copper precision castings. 
It is available in the form of 3-0z, 244-lb and 5-lb in- 
gots. The 3-oz size is especially convenient in in- 
vestment casting work to facilitate handling in small 
batch melting. 


DESIGN CONSIDERATIONS: The designer should 
work in close contact with the foundry, since—as pre- 
viously pointed out—best results are obtained when 
parts are designed to take full advantage of the po- 
tentialities of the investment casting process. Tol- 
erances carried over from old designs should be re- 
considered and liberalized where possible to reduce 
costs. In designing, remember that: 

1. Size affects the price materially, so that large pro- 

truding sections should be eliminated 

2. Tolerances can be held to + 0.004-inch per inch. 

Closer tolerances can be maintained for certain 
dimensions, depending upon the size and shape 

3. Distortion may be a factor on long thin parts, so 

that some allowance may be necessary 

4. Surface finish can be held to 65 to 80 micro-inches 


Table 3—Typical Physical Properties for Alloy 20C 


(Age-hardened condition) 





SE $= wat at eytangeds tundeesechc0d80eeecsseees 8.09 
See, Be ee GE TR cnn acces cceccecscccésecsceewneoes 0.292 
Magnetic properties ........... pees Ce Cend es dead édeeeGase Nonmagnetic 
PE CIE 6 weeks ce ku dc pense anepanntseetetantes 1585-1780 
EOS, GR, DEP GE ccwcccccccccecececvessescosseescese 3/16 
Specific heat, cal./gm/C, 30-300 C .:....cccccccccccecess 0.10 
Maximum increase in density on heat treatment, 
Maximum decrease in length on heat treatment, %...... 0.2 
Se GD OD DEED Soc cece ceccccccceséasesonescs 
Average coefficient of linear expansion 

ar Se, EEE. Sobeecrovancorececénconneeesd ose 

ee rs EE” ‘no 0 c.0 6s oe eG od cease beessroancereseoes 
eee re, SS BMD ccccccevesesdcohoeesocee 
Electrica] resistivity, microhM cM ........scecceseseeces 
Thermal conductivity 
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Fig. 8—Originally a die casting, this part was changed 
to a beryllium copper investment casting to provide 


the yes required. Age-hardening beryllium offered 

easy machining in soft or solution-annealed condition 

and good strength and hardness by low-temperature 
aging procedure easily effected 


. Ribs or crowns should be used on large flat areas 

. Wall thicknesses as light as 0.030 to 0.050-inch 
are possible, depending upon surface area. Al- 
though thicknesses run up to %-inch, ribs are pre- 
ferred for added strength 

. Draft should be eliminated, since it is not neces- 
sary and only increases tooling costs 

. Parting lines should be straight 

. Radii on outside corners should be eliminated when 
possible, because they increase tooling cost. A 
to yy-inch fillet on inside corners assists metal flow 

. Internal undercuts, while sometimes possible, are 
undesirable and can usually be machined as a sec- 
ondary operation at lower cost 

. Sections should be as uniform as possible, since 
abrupt section changes may leave shrinkage cavi- 
ties and are detrimental to metal flow. The use of 
slots, holes or ribs is preferred over heavy sections 

. Holes as small as 0.020-inch may be produced in 
light sections. Although through holes are pre- 
ferred, blind holes of certain sizes are possible 

13. Shrinkage averages ¥;-inch per foot (1% per cent). 


In addition, some consideration should be given to 
mating assembled parts, because they may be cast as 
a rigid unit without increased cost, Fig. 7. To meet 
certain accuracy and economy requirements, it may 
be advisable to finish grind, ream or tap by machine, 
rather than depend upon tolerances or threads as 
cast. 

PHYSICAL PROPERTIES: TABLE 3 lists typical phys 
ical properties for this alloy, age-hardened. 

MECHANICAL PROPERTIES: Average mechanical 
properties, including tensile strength, elongation and 
hardness are given in TABLE 4. This table shows the 
effect of heat treatment upon mechanical properties. 

Service temperatures are generally limited to 500 
F, since prolonged exposure to higher temperatures 
causes appreciable softening. As previously indicat- 
ed, beryllium copper experiences no loss of impact 
strength at subzero temperatures. 

CORROSION RESISTANCE: In general, beryllium cop 
per resists corrosion in a manner similar to high 
copper alloys. Under normal conditions it offers good 
resistance to industrial and marine atmospheres, 
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Table 4—Average Mechanical Properties of Alloy 20C 





As Cast 


Cast Cast 


Solution-Annealed 
and and 
Solution-Annealed 


Heat-Treated 
(2 hr. @ 650 F.) 


and 
Heat-Treated 
(2 hr. @ 650 F.) 





Tensile 
Ultimate tensile strength 
Proportional limit (0.002% offset).............+. 
Yield strength (0.01% offset). ..........seeeeeees 
(0.20% offset) 
CU ee GG b 6.0.0 60 40 60's creas uh 30-45,000 
Se 2 OS eee fer oe ee 16-29 
RS A as heb . den. aaw pe ek WR 15-30 
a CED. « 6006's6s0ds 06 cv 1ees 00st suaeeb hs B80-90 
 . CUD cic caccaues ct uct cedes 150-185 
Compressive Properties (0.001 in, Set)............... 
Endurance Strength at 10,000,000 cycles ........... 
Ps - CEU 0600000406006 6008.0¢860m60 
Electrical Conductivity (% IACS) .... 


155-185, 000 
100-130,000 
110-140,000 
130-160, 000 

55— 85,000 


90-110,000 
25— 40,000 
30— 45,000 
45— 65,000 
35— 55,000 


55~—70,000 
10-20,000 
15—25,000 
20-40,000 
20—-40,000 


10-25 30-50 1-3 

10-25 20-40 0-3 
B90-100 B60-80 C3845 
185-240 


352-426 
160—180,000 
20— 30,000 
5-14 
20-25 


107-150 





fresh and salt water, most alkaline solutions, and 
some acids. Although this alloy in time stains and 
darkens as does copper when exposed to humid and 
sulfur bearing atmospheres, tarnish does not notice- 
ably affect mechanical properties. 

Beryllium copper has poor resistance to ammonia, 
sulfur, mercury and many of their compounds. In 
acids, its behavior is similar to deoxidized copper. 
Dezincification and hydrogen embrittlement appar- 
ently do not occur. In addition, this alloy offers ex- 
cellent resistance to corrosion-fatigue and salt water 
cavitation or erosion. 


OTHER CONSIDERATIONS: The properties listed here- 
in result from inspection or laboratory tests; conse- 
quently, some care should be exercised in attempting 
to incorporate these values in design work. Safe 
working stresses depend upon type of load (static or 
endurance) and operating conditions, so that design 
stresses derived from engineering properties should 
be used only when the part can be readily subjected 
to stress analysis. Even when working stresses are 
within limits prescribed to prevent yield or fatigue, 
adequate allowance must be made for high localized 
stresses induced by corners, notches, holes, etc. 

In using beryllium copper in place of some other 
material, it is generally not advisable to make a direct 
substitution. Best results are obtained through re- 
designing to take full advantage of available proper- 
ties and to allow for changes in working stress, con- 
ductivity, modulus, etc. 


HEAT TREATING: Optimum properties are obtained 
by a two-step thermal treatment. The first, or solu- 
tion-annealing operation, softens the material. The 
subsequent low-temperature aging treatment hardens 
the parts to give the desired combination of proper- 
ties. Machining, when necessary, should follow an- 
tealing and precede aging, Fig. 8. Since beryllium- 
‘opper is readily ground in any condition, castings 
are generally finish ground after hardening. 

Parts should be annealed for one hour per inch or 
fraction of inch of section thickness at 1450 to 1475 
F, then immediately water quenched. Castings are 
then hardened by heating for three hours at 650 F, 
followed by cooling at any convenient rate. Circulat- 
Ng air furnaces give good results in either heating 
‘peration. Salt baths are hot recommended, since 
the irregular shape makes cleaning difficult. 
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For applications in which increased ductility or 
added resistance to shock are of greater importance 
than maximum strength and hardness, an overag- 
ing heat-treatment may be used, Fig. 9. 

Where maximum strength is not required, the “cast 
and heat-treated” condition offers time and cost sav- 
ing opportunities through fewer operations. Cast 
parts are furnace hardened for three hours at 650 F, 
followed by uncontrolled cooling. 

SURFACE FINISHING: Investment cast parts are 
generally sand or shot blasted following aging to 
give a uniform surface. This finish, with or without: 
light buffing, usually provides the final one. 

Where coloring is desired to meet service require- 
ments, generally accepted processes may be applied. 
In beryllium copper firearms parts which must match 
blued steel however, standard coloring solutions do 
not provide the required shade. Consequently, it 
may be necessary to apply a 0.0002 to 0.0003-inch 
iron plating which can then be blued conventionally. 

The author acknowledges the assistance of Hitch- 
iner Manufacturing Co. in making available data and 
illustrative material included in this article. 
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Fig. 9—Investment-cast hinge part for a portable radio 

aerial eliminates a two-piece assembly which did not 

stand up in service. The beryllium copper casting is 

given a special aging treatment for the right combina- 
tion of strength and shock resistance 








Flexible Shafting 
Solves Drive Problems 


LEXIBLE shafting may be the solution to simpli- 

fied, low-cost power transmission or remote con- 
trol in many drive and control applications. When 
properly applied, this type of drive often can do the 
same job as more complicated systems such as bevel 
and worm gears, universal joints, and other angle 
drives. In addition to low initial cost, flexible shaft- 


Photo, courtesy 8. 8. White Industrial Div. 


Fig. 1—Edging machine for chinaware, made by Ryk- 

man Machine Co., utilizes flexible shafting to each of the 

twelve arms, permits ample vertical movement of arms 
and wide horizontal adjustment range 


Fig. 2—Tractor-powered road brush is driven by heavy- 
duty flexible shafting. Low production made this drive 
most expedient 


Photo, courtesy Elliott Mfg. Co. 


ing requires minimum assembly time, resulting in low 
assembly and maintenance expenses. 

An application in which flexibility of the drive shaft- 
ing was a prerequisite is a chinaware edging machine 
for rolling a colored border on dinnerware, Fig. 1. 
It was necessary to provide drives for the arms, 
which are mounted to the dome, to allow them to rit 
up or down on the scalloped edges, to move in or 
out for various size plates or to be raised clear of the 
plates. Twelve power drive flexible shafts driven 
from a planetary gear inside the dome are used, pro- 
viding a vibration-free drive at speeds varying from 
50 to 150 rpm. 


Production Rate Important 


A multiple concrete vibrator to produce a uniform 
compactness in stiff concrete mixes uses high-speed 
vibrating heads. These heads, operating at speeds of 
over 9500 rpm, are driven by motors mounted on 4 
bar in back of the unit. Here, 14-inch diameter 
power drive flexible shafts couple the motor spindles 
and driving heads. Isolating the motors from the 
heads not only protects the motors from vibration 
but also reduces the amount of dead weight on the 
heads. 

A low production rate, about 10 per year, did not 
warrant design of an elaborate drive for the tractor 
brush attachment, Fig. 2, and a separate gasoline en- 
gine drive was not justified. This troublesome align- 
ment problem was solved by using a 1 3/16-inch 
power drive flexible shaft operating from the tractor 
power take-off to the 30-inch diameter by 6-foot !ong 
brush at speeds varying between the extremes of 600 
to 1000 shaft rpm. 

A drive to a high-speed pump from a large marine 
engine involved problems of alignment and expense. 
In this application, a 114-inch diameter power <rive 
flexible shaft transmits 55 hp at 2700 rpm through 
a 90-degree bend, driving a speed increaser wit! an 
output of 11,300 rpm. Because of the high herse 
power and speed, the flexible shaft was lubricate: by 
a circulating oil system. 

Power transmission shafting is, in general, made 
for rotation in one direction only—opposite to the 
lay of the inside layer of wire. If it must operate 
in both directions, the shafting should be chose® 
large enough to carry the load in the reverse 
“against-the-lay” direction. Shafting for remote ©0D 
trol applications is specially wound, usually with 
more wires than power shafting, and permitting s!oW 
speed rotation in either direction. 
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Fig. 1—Fan illustrates the 
possibilities of designing for 
lower production costs 






By G. H. Koch 


Manoger, Fan Engineering 
Westinghouse Electric Corp. 
East Springfield, Mass. 
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DESIGNING AN 
‘ Flectrical Appliance 
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. - « to utilize production possibilities of diecastings 


not 
tor 
en- 
n- 
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tor 
ng oo tor lower cost but more quality! This 
00 challenge, often hurled at design engineers, is 
a difficult assignment especially for a product 
ne at has undergone extensive development for many 
se. ars, such as a desk fan, Fig. 1. 
ive ™@ 1 designing for a low cost product, the first requi- 
gh tite is a mental divorce from conventional design 
an mtactices. Wherever possible, new design and pro- 
se- uction methods should be considered. The next step 
by @® creation of a remodeling plan that sets forth gen- 
tal objectives. Application of this plan to the par- 
de ular case, as was done with this new fan, makes the 
he @"gram jell: (1) Select best-suited materials—use 
ite tie-casi aluminum-alloy motor housings for dimen- 
en "nal stability, lightness, and decorative value; (2) 
or @™egrate parts—combine gear case with one of the 
n- housing 3 (upper or lower); (3) strive for simplicity 
th ‘liminate slide cores so multicavity molds and low- Fig. 2—All contours and recesses in the lower housing 
* flash-trimming operations are possible; (4) re- ate obtained without lateral slide coring and all fits are 
ute machining operations—cut to minimum the ma- completed without machining 
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Fig. 3—Clamping wires between housing 
castings obviates separate fasteners 


chining of housings for alignment of rotor and stator; 
(5) facilitate serviceability—reduce the number of 


screw fastenings and, for sales appeal, conceal them; 
and (6) simplify assembly operations—provide max- 
imum accessibility plus minimum need for fixtures. 

A thorough study of the product should be made 
so that all design possibilities may be exploited. A 
search of this nature should always be undertaken 
by the designer of a high-production item because of 
the costly tooling involved. 

Adhering to the remodeling plan for this fan, which 
is a 12-inch oscillating model, the first three objec- 
tives point to use of a horizontal split line that creates 
an upper and lower motor housing, Fig. 1. With this 
construction, the gear case, lubricating cavities, and 
seats for stator and rotor bearings can be integral 
with the housing castings. To make possible cast- 
ing of the centers of all oscillating motions into the 


Fig. 4—Stator and ro- 

tor ready to be 

dropped into lower 
motor housing 


lower housing without use of slide cores, spur gears 
must be employed for the second reduction. Thus, 
the first-reduction gear stud and second-reduction 
gear sleeve, as well as the oscillating stud, all have 
their axes parallel to the path of mold separation and 
can be considered as inserts cast in the bottom how. 
ing, Fig. 2. 

If one of the two housing halves is relatively rigid, 
all alignment functions can be conferred upon it and 
the less rigid housing half need serve only asa 
clamping member and cover. Because the lower hows. 
ing supports the oscillating gears, it logically becomes 
the alignment member for the stator and rotor. For 
this reason it is given increased rigidity by raising 
the split line above the horizontal axial plane and by 
providing a thick rim around the outer edge. This 
also conceals any slight mismatching of the two 
housing halves at the split line. 


Coining Corrects Alignment 


But how may variations in shrinkage and distor 
tion of the die-cast lower or alignment housing kk 
corrected? The shape of the part does not favor 
machining and, besides, elimination of machining op 
erations is an important objective. If the rotor-bear- 
ing and stator seats are cast with serrated surfaces, 
however, a coining. die can press these surfaces into 
alignment with respect to the second-reduction gear 
center. This can be combined with the trimming op 
eration of the heavy outer edge so that cold-work 
strains in shear help set the housing in alignment. 
Diecasting alloys best suited for this purpose ar 
those having more than three per cent elongation to 
insure good flow of the serrations under the coining 
pressure. 

Provision of ventilating holes through the housing 
wall is a difficult problem because most attempts to 
show openings made without slide cores, avoiding in- 
terference with the gear case and other obstructions, 
result in an unacceptable appearance. However, it 
terrupted parallel-slot openings in the axial direction 
can be concealed by providing aluminum projecting 
stripes on the outside of the housing. With such 4 
design the appearance can be enhanced by gplishing 
the aluminum stripes, after painting the casting, to 
bring out six parallel bright metai lines. 

Instead of separate fastening of the blade guard, 4 
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conventional procedure that destroys appearance, a 
combination of strain and clamping action is used to 
hold the guard in a concealed manner, Fig. 3. Two 
parallel vertical holes are cast in the lower housing 
for tvo lower guard supporting wires and two par- 
allel horizontal seats are cast in the outer edge of 
the housing for two upper supporting wires. The 
lower wires enter the cylindrical holes and slide up- 
ward, the upper wires slide around and over the 
housing into the horizontal seats. The wires are held 
tightly in place, partly because of the strain of their 
natural misalignment, and partly because the upper 
supporting wires are formed in curves and are forced 
into straightened horizontal positions in their seats 
by the clamping action of the two housing halves. 

The stator seats shown in Fig. 2 consist of four 
serrated cylindrical surfaces cast into as many saddle 
pads in the bottom of the lower housing. After these 
surfaces have been coined to the proper depth and 
alignment, the stator rests upon them by two lower 
alignment pins that provide four trunnion extensions 
from the core, Fig. 4. These steel pins have a rela- 
tively larger diameter and are cyanide hardened and 
centerless ground so they can be pressed through the 
punchings. Primarily they provide supporting sur- 
faces having accurate dimensional relationship with 
respect to the stator bore, but they also take the 
place of holding rivets in the core laminations. 


Eliminates Machining Operations 


This method of housing support for the stator core 
provides good air-gap concentricity. It eliminates 
prmary-eore machining and slow multiple punch- 
press operations with compound dies when producing 
the rotor and stator laminations. Both laminations 
are Obtained in a high-speed punch-press from coiled 
electrical strip steel in five stations of a progressive 
dies Consideration of die strength does not permit 
trimming the outside diameter and air gap in the 















same die station. When cut in different stations, the 
concentricity of these two diameters is subject to 
variations in indexing the strip, making the outside 
diameter unreliable as a housing seat unless it is 
ground concentric with the bore after riveting. The 
four alignment holes, however, can be punched at the 
air gap trimming station, so good accuracy in rela- 
tive spacing of these five holes is assured. 


Clamps Stator Rigidly 


The upper housing clamps the stator firmly into its 
alignment position in the lower housing and, at the 
same time, exerts pressure on the two self-aligning 
rotor bearings. Holding fan guard and gear-case 
cover in their assembled positions in the lower hous- 
ing eliminates use of separate fastening. The two 
housing halves clamp the stator rigidly, if a gap is 
allowed at the split line, because the upper housing 
half can center itself on the upper field alignment 
pins by riding the four trunnion extensions of the 
pins with its four pressure pads (Fig. 5). 

Other parts are held by resilient pressure methods. 
In the case of the self-aligning bearings, this is ac- 
complished by a leaf spring for each bearing. This 
spring, punched from tempered spring steel with a 
center hole for the spherical bearing, is designed to 
have its ends bear against the upper housing. The 
edge of the center hole gives the required pressure - 
distribution to avoid distortion of the bearing. The 
upper housing is cast with a wall outlining each leaf 
spring, with clearance to permit a motion of 1/64- 
inch in any lateral direction. This allows the spring 
to center itself over the spherical bearing. These 
walls also provide the means of retaining the leaf 
springs in the upper housing. 

Four thin retaining chips at each wall, made by 
sharp blades in a staking fixture that strikes 0.010- 
inch from the wall edge, prevent the springs from 
dropping out while handling the upper housing. A 







Fig. 5—One clamping action between. hous- 
ings serves to fasten stator, rotor i 


guard, gear case cover and cable grommet 


Fig. 6—Two-piece gear cluster combines 
advantages of plastic and sin iron mold- 
ing for economy, strength and quietness 














high-silicon alloy is preferred for the upper housing 
to insure a reasonably permanent polish for the ap- 
pearance stripes, but the iron content must be kept 
low to provide the necessary ductility for the chip- 
shaving operation. 

The resilient pressure to hold the gear-case cover 
against its seat is provided by a helical spring with 
a friction-fit on a pin extension of the upper housing. 
The spring pressure on the guard is obtained by curv- 
ing the upper guard support wires so the housings 
are forced to straighten the curve as they are drawn 
together by four self-tapping screws driven from cast 
clearance holes in the lower housing and into smaller 
cast holes in the upper housing. They are the only 
screws in the motor body, their heads being concealed 
in deep recesses. 

The squirrel-cage rotor also received its share of 
attention in this labor-saving design. Pure aluminum 
windings of this size can be successfully die-cast in 
molds with as many as eight cavities. By punching 
the shaft hole and the rotor slots in the same station 
of the lamination die, good concentricity and inherent 
static balance are assured. Ventilating vanes are 
cast on the end rings with the object of providing a 
convenient means of balancing. However, it proved 
unnecessary to shear off any of the vanes to balance 
the rotor for its running speed of 1400 rpm. To 
eliminate the need of extra sleeves to serve as hubs 
or thrust collars, the rotor is designed so that hubs 
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can be cast integral with the slots and end rings. Th 
heat dissipation to the bearings is reduced to a norma] 
rate by a bent spring-steel washer placed between two 
fabric phenolic thrust washers, Fig. 4. These ser 
the dual purpose of cushioning end-bump and of in. 
sulating the heat-flow path through the thrust wash. 
ers. 

Previously, the decision had been made to use spur 
gears for the second reduction in the oscillating mech. 
anism to favor the housing design cost-wise. Spur 
gears also offer cost advantages over helical or wom 
gears when obtained by mass-production methods. Ih 
insure minimum noise, the first-reduction worm ger 
is nonmetallic. By using a multicavity mold, this 
gear is produced from a high-strength thermoplastic 
at minimum cost. The cold-flow properties of the 
plastic make it possible to consider spur gear teeth 
to mesh with the steel worm of low helix angle so that 
the outer gear teeth and the spline fit for the second 
reduction pinion can both be parallel to the directim 
of mold separation. The concentric spline is a light 
push fit over the sintered iron-powder pinion which, 
in turn, is produced with the journal bore for the gear 
cluster molded and sized to_accurate dimension, 
Fig. 6. 

The gear case cover and the shoulder of the fin 
reduction stud prevent axial separation of the tw 
parts. Extensive development showed sintered ira 
to be a natural choice for the second reduction spr 
gear. A square center hole simplifies the problem 
of fastening the gear to the shaft with a good drir- 
ing fit. 

Zine diecasting alloy is satisfactory as a materid 
for the entire crankshaft assembly in every respet 
except one. It is unsuited as a journal material 
cause of rapid wear under the prevailing condition 
of imperfect lubrication. But if the shaft is given! 
shell of strong, hard, wear-resistant material, it i 
possible to cast the entire assembly, including t) 
square gear fit on the shaft and the throw adjustin 
slot in the crank, without machining or assembl 
operations. 


Journal Is Half-Hard Shim Stock 


To enable the steel shell to expand to a predeter 
mined diameter against the mold cavity walls unde 
the hydraulic pressure of the fluid zine alloy, th 
shell has an open longitudinal joint. Then, the edge 
of the joint are flanged inward to provide 4 gon" 
anchor in the body of the shaft. The shell materi 
is 0.005-inch thick half-hard polished-steel shi:n sto 
It is formed in a progressive die and then forced int! 
the mold cavity before diecasting. Natural  utwat 
springing of the shell seals off the fluid zin: at the 
longitudinal joint, and the casting pressure { mom 
than 5000 psi forces the thin shell outward «gall 
the cavity walls. This provides the zinc sh ‘t W™ 
a wearing surface which is smooth, strong, .nd 4 
curately sized. F 

The following conventional operations are | iminat 
ed: Forming and cutting the steel shaft, mi ‘ng ™ 
flats for the square gear fit, grinding the bod, of ™ 
shaft, and assembling the crank to the sha''. *" 
normal diecasting and trimming operations fr 4 die 
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cast crank serve for the entire assembly, and a ten- 
cavity mold reduces the diecasting labor per piece to 
a minimum. 

A conventional swivel housing has a vertical swivel 
‘Bbpearing which is merely a reamed hole in the zinc 
‘Biie-cast body. The connecting-rod wristpin usually 
js made of unhardened screw machine steel riveted 
or bolted in place. How can a better wearing sur- 
‘Biace for both points be provided at reduced cost? 
Wristpins extend only a short distance from the 
swivel housing. That makes it impractical to con- 
sider them as inserts in diecasting because of inade- 
quate support in the die before the metal fills the 
mold. Mechanical means of fastening usually require 
a reaming operation for the pin hole to insure a tight 
fit and preclude the use of a hardened pin. In this 
case, a hole is cast in the swivel housing with a taper 
of %-inch per foot and with an enlarged cylindrical 
extension around the pin, Fig. 7. The pin is designed 
with a tapered shank to give a press fit in the die- 
east hole under all tolerance conditions. Also, it is 
‘Bprovided with an adequate shoulder to form a firm 
seat on the diecasting, a retaining groove, and a 
second shoulder and cylindrical fit for the connecting 
rod. 
























Bearing Is Finished By Burnishing 





These five functional surfaces are all turned from 
bar stock in a screw machine. Best practice requires 
that the cylindrical connecting-rod bearing be given 
a finish before cyanide hardening to prevent rapid 
wear of the rod. To avoid costly grinding operations, 
this can be done in a standard thread-rolling ma- 
chine by substituting hardened and polished blocks 
for the usual knurling or threading tools. This op- 
eration not only rolls down the machining tool marks 










but also reduces the diameter tolerance and corrects 
much out-of-roundness. The fixture that presses the 
pin into its fit in the swivel housing follows with a 
staking tool, rolling a bead of zinc alloy from the 
top of the cylindrical hole extension into the pin re- 
taining groove, Fig. 8. This gives the hardened wrist- 
pin a secure fastening in the diecasting without any 
separate machining operations for the fit. 

Lessons learned in developing the crankshaft can 
be applied to the swivel housing to provide it with a 
bearing liner without added cost. By forming the 
bearing-liner shell of thin bronze with a tight longi- 
tudinal joint, an internal diameter several mils small- 
er than the final bore diameter can be used. The 
cylindrical pin in the die-cast mold, upon which the 
bronze shell is forced as an insert, has a diameter 
the same as the final bore plus a shrinkage allow- 
ance. When the die-cast metal is forced into the 
mold cavity under pressure, the thin bearing liner is 
forced into still more intimate contact with the die 
pin so that a bore-sizing operation results. The cost- 
saving over the customary bore-reaming operation 
pays for the liner and its application. A hole is 
punched through the wall to anchor the thin liner 
tightly in the die-cast metal so that it does not loosen 
at the joint, Fig. 8. This hole permits the zinc alloy 
to enter against the die pin to provide an anchoring 
button. The alloy button enters at a point where the 
diameter of the swivel pin is reduced for lubricant: 
retention so that only bronze contacts the swivel pin 
at its cylindrical bearing fits. 

Accelerated tests of mechanical parts and a life 
test of thirty complete fans from the original sample 
production run prove the success of the novel con- 
structional details. Experience in producing and 
marketing the fans has proved the soundness of the 
manufacturing and cost concepts. 











OVEL method of producing continuous records 
of the torque throughout thousands of tapping 
operations during a two-year tap-torque testing pro- 
gram has given Greenfield Tap and Die Corp. accurate 
histories of tapping cycles. These records are the 
basis for the design and production of taps, as well 
m recommendations for most efficient tapping opera- 
tits. To measure the effort required to turn the 
‘apthe vertical drive shaft incorporates a Baldwin 
SR-4"Torquemeter. This instrument is completely 
independent of tapping operations, absorbing negli- 
gible power and thus permitting 99 per cent accuracy 
under shop operating conditions. Rapidly varying 
torque is recorded by a high-speed, ink writing os- 
ph on a paper strip chart. 
torquemeter is essentially a short length of 
to which a group of special SR-4 resistance- 
Nee Strain gages are bonded to form a Wheatstone 
midge. The corners of the bridge are connected 
rough slip rings on the shaft to stationary brushes 
the case and from thence to the recording oscil- 
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Instrument Records Tapping Torques 





lograph. By means of this equipment, it has been 
possible to determine the effects of rake or hook, re- 
lief, chamfer, and other factors, as well as operating 
conditions such as speed, lubrication and wear rate. 











Stamped Circuit 


Simplifies Telephone 


OMPLICATED wiring and color coding pre 

viously found in telephone bases are elin- 
inated in the new Masterphones, left, made by 
Kellogg Switchboard and Supply Co. A one 
piece Durez phenolic molded interconnecting 
block, left, below, carries a stamped grid or gril 
type universal antiside tone Triad circuit on its 
lower side. This circuit, shown below, is per 
manently hooked up, eliminating the need for 
any color-coded wiring, soldering or other serv 
icing. All connections terminate on the to 
side of the block in the form of screw connet 
tors or pin jacks and all condensers, inductio 
coils and other units plug into the block. A¢ 
justments and servicing of the phone requif 
only a screw driver. A standardized metal bas 
plate is used in both desk and wall models, cor 
version from one model to the other requiring 
only a change in the plastic housings. 
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Heat Treater Incorporates 


Automatic Cycling 


FULLY automatic universal heat 
treating unit, right, the T-250-E 
made by Ipsen Industries Inc., combines a 
furnace and cooling or quenching chamber 
ie by With automatic work handling. The sealed, 
atmosphere-controlled 1750 F maximum- 
temperature furnace, shown in the draw- 
ing, below, is separated from the cooling 
n its COMpartment and 400-gallon quench tank 
by a hydraulically controlled intermediate 
1 for door. After a trayfull of parts is loaded 
in the gas-fired furnace, a timer is set for 
the heating cycle and another control ad- 
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justed for oil quenching or air cooling time. When 
the heating part of the cycle is completed, the work 
automatically passes into the right-hand chamber, 
shown in the drawing, and a signal light indicates 
that the furnace is ready for another load. On com- 
pletion of quenching or cooling, another light signals 
that the work is ready for removal. The three doors 
and the work-handling elevator in the quench tank 
are hydraulically actuated. A maximum of 250 
pounds of parts per hour can be handled in the unit. 


Power Increased 


OMPACT, lightweight (834 pounds), low-cost, 

¥%-inch model “400” hand drill, inset below, 
made by SpeedWay Manufacturing Co., uses oil im- 
pregnated porous bronze self-aligning bearings and a 
specially-wound universal motor to deliver 14-horse- 
power at the drill at an efficiency of 48 per cent. To 
achieve light weight and adequate power, diameter of 
the motor was kept small, necessitating a high-speed 
armature. The large fan employed, drawing below, 


FT hdd 
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DESIGN 


in Lightweight Drill 


acts as a brake for the motor when running idle 
and also draws a large amount of air over the motor 
and around the sealed gearbox, another source of 
heat. The motor draws 514 amp, drives the drill at 
600 rpm no-load speed and 450 rpm at 50 inch-pounés 
load. The alloy steel gears are all mounted on ip- 
dividual shafts, with each shaft supported on tw 
spaced bearings, and the complete gear case is re 
movable as a unit for servicing. 
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Riveter Features Four-Second Cycle Time 


MACHINE which clamps, drills and counter- 
sinks a workpiece, then inserts and heads a 
wet—all in one continuous automatic cycle—is 
jown below, right. The new Drivmatic model G- 
MA made by General Riveters Inc. is designed to 
andle flat or contoured surface work such as wing 
skin and stringer assemblies, wing and fuselage bulk- 
wads, and spars. It incorporates two hydraulically 
perated spindles, one for drilling and one for riveting, 
hich alternate back and forth over the lower anvil. 
The machine uses hydraulics, air and electricity in 
iis various drives. Air is used to actuate the rivet 
ppper, to operate a positive rivet injecting mech- 
nism and to blow chips. The functions of clamping, 
irilling, rivet inserting, bucking and riveting are done 
hydraulically, schematic circuit diagram, below, to ob- 
lain rapid controlled movement of heavy clamping 
nd riveting members. 

In operation, when the foot switch is depressed 
he lower anvil rises until the pressure sleeve clamps 
he work firmly against the upper stationary pressure 
foot. This preadjusted clamping pressure is main- 
ained continuously throughout the complete cycle. 
hen the drill spindle approaches the work at high 


A 


speed, the hole is drilled under controlled feed and 
countersunk to a preset depth. The drilling cycle is 
controlled by restriction of the oil flow on the outlet 
side of the drill spindle cylinder during drilling so 
that there is a cushion to prevent break through. 
When the drilling ram reaches a positive, adjustable 
stop, pressure at the outiet drops, operating a pres- 
sure switch which initiated the drill return. While the 
drill spindle approaches the work, the rivet feed mech- 
anism drops a rivet into an injector which positions 
it in the feed fingers. As the drill point clears the 
pressure foot, the bucking anvil and the previously 
loaded rivet finger move into position directly over 
the drilled hole. The bucking anvil then descends, 
contacts the rivet and carries it through the rivet 
fingers into the hole. 

After the rivet is inserted, the bucking anvil cyl- 
inder is hydraulically locked off for bucking. The 
lower ram is reactuated to head the rivet to a pre- 
selected height. After heading, both upper and lower 
heads return to their starting positions, ready for 
the next cycle. For both fiat and contoured parts, 
cycle time (less positioning) is 3.5 to 4.5 seconds on 
most types of work. 
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Grinder Finishes Jet Blade Roots 


RINDING both sides of dovetail or pine-tree root 
forms simultaneously on tough jet engine blades 
is performed automatically on the Ex-Cell-O precision 
two-wheel form grinder shown above. One or two 
blades, depending on size, are held in a removable 
fixture on the machine slide. Parts are moved to the 
grinding wheels and reciprocated at a set speed be- 
tween two 24-inch diamond-dressed wheels, photo- 
graph at the left, below, for a selected number of 
strokes. 
At the end of each stroke, or alternate strokes, the 
grinding wheels feed toward the work a preset amount 
until the finished size is reached. Then the machine 


slide returns to the forward position, the fixture ur 
clamps and the feed mechanism resets for the next 
cycle. Controls can be set for redressing both wheels 
automatically after any number of grinding strokes, 
or after any number of parts have been ground. The 
dresser feed mechanism compensates for the reduced 
size of the wheel after dressing. A hydraulic cor 
trol panel, below, conforms to J.I.C. standards with 
all valves manifold-mounted and easily accessible for 


inspection. Dial adjustable orifices control the rapidff. 


traverse and grinding speeds of the machine slide. 
The separate unit at the right of the machine is 3 
magnetic coolant cleaner. 


*2 


an a ea te nea 


MACHINE DESIGN—May 1951 











Surface Finish Standards 





. +. for roughness, waviness and lay, as 


By T. E. Cassey 


Head Engineer 
Electrical Distribution Branch 





adopted by the Department of Defense 


and J. W. Sawyer 


Turbine and Gear Branch 


Bureau of Ships, Department of the Navy 


re ul 
> next 


O PROVIDE a uniform practice of specifying 
shed the surface conditions desired on a machine 
roles component, the various organizations within 
the” Department of Defense have approved a standard 
duced” specifying surface roughness, waviness and lay 


. con awings. This standard is designated as MIL- 
with v-10, 2 August 1949, and titled “Military Standard 
le for urface Roughness, Waviness and Lay.” Although 
rapid of this standard is mandatory only in dealing 


slide. ith organizations within the Department of Defense, 
should prove to be of value to industrial as well as 
tilitary organizations. 

The designer will now be able to designate the 

ace finish on a particular element in such manner 
Mat an inspector or a machinist can easily under- 
and the results desired. Surfaces specified by the 
tactices outlined can be measured by several types of 
“wuments now in wide use throughout industry, 
id the method by which a surface is produced or 
a. ed does not limit use of the standard. To ac- 
me. engineers and designers with the standard, 
ls article briefly summarizes its major points. 

ition of terms used is mest important for a 

‘rough understanding of the methods specified. The 
plowing terms used in the standard: 

Surface : The Mittaces of an object are the limit- 
g boundaries of the object. 

am surface: This is the imaginary surface which 
ould be obtained if all the peaks, ridges and hollows 
pe surface were averaged to a zero value. This 
padition would be reached when the odd-numbered 
 €Ven-numbered areas of Fig. 1 were equal. 


is a 
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Profile: The contour of any specified section of a 
surface such as that designated in Fig. 1. 

Surface roughness: Deviations of the actual sur- 
face from the mean surface in the form of relatively 
finely spaced surface irregularities, such as those 
produced by cutting tools and abrasive wheels. 

Surface roughness width: The distance between 
successive peaks or ridges which comprise the surface 
roughness pattern. Roughness width is designated in 
Fig. 2. 

Waviness: Surface irregularities in the form of 
waves which are of greater spacing than the irregular- 
ities constituting surface roughness. Waviness height 
is illustrated in Fig. 2. 

Lay: The direction of predominant surface patterns 
found on surfaces is termed lay. The lay of a sur- 
face, shown in Fig. 2, may be produced by the action 
of cutting tools, abrasives such as used in lapping, 
or by forming dies. 

Flaws: Irregularities in profile at relatively in- 
frequent intervals are designated as flaws. They in- 
clude checks, cracks, blow-holes, chatter marks and 
scratches. 

Root-mean-square rms: The term rms is used: in 
connection with a surface roughness value or num- 
ber and indicates that the value is assumed to be 
approximately equal to the square root of the mean 
value of the squares of the heights and depths: of 
the surface roughness irregularities measured from 
the mean surface in micro-inches. The root-mean- 
square value may be expressed as 











A2 + B2 + C2 + D2 + BF... 
N 





where A, B, C, D, HE, . .. represent in microinches 
the deviations of the profile from the mean surface 
measured at uniform intervals along a profile in a direc- 
tion that gives the maximum value and N is the num- 
ber of measurements. Measurements of a profile, as 
shown is Fig. 3, illustrate actual values of each in- 
crement and the rms value obtained. The rms values 
specified on drawings and in. specifications should 
be values corresponding to surface roughness meas- 
ured with direct reading stylus type instruments such 
as the Profilometer or Brush Analyzer. 

Surface roughness number: The roughness of a 
surface is a physical value expressed in microinches 
rms. A series of approved values of surface rough- 
ness numbers is as follows: 44, %, 1, 2, 4, 8, 16, 32, 
63, 125, 250, 500, 1000, 2000. Other values may be 
specified for particular cases that are not met by the 
numbers. The selection of numerical values and the 
application of the particlar values to components are 
matters for the design in question and the design 
practices of the manufacturer. 


METHOD FOR SPECIFYING SURFACE ROUGHNESS: The 
symbol used to embrace the surface roughness num- 
ber, which represents the maximum acceptable rough- 
ness or two numbers which set the maximum and 
minimum acceptable values, is shown in Fig. 4. Dimen- 
sions of the symbol are approximately as shown; 
however, they may be varied to suit the needs of any 


a Profile Meon surfoce 


drawing. The general practice is to place the apex 
of the symbol touching the surface under considera 
tion, as shown in Fig. 5. If space is limited, the apex 
may be placed on an extension line or an arrow, as 
shown, Fig. 5. The surface roughness should be 
shown in one place only and should not be duplicated 

Parts that are to be finished all over to a uniform 
surface roughness are so specified by a note, with 
the degree of roughness designated in the note. Other 
finish marks or symbols should not be used on the 
drawing. Where parts are to be finished all over bu 
to different degrees, a note on the drawing should, 
be used to designate the exception, as illustrated iy 
Fig. 6. Where there is no predominant surface rough 
ness, individual symbols should be used with the 
desired roughness number for each area under con 
sideration and the note 


“OF alt over except as noted” 


should be omitted. Whether the roughness num 
bers should be oriented to be read from the bottom o 
the right depends, of course, upon the drafting con 
vention employed for other dimensions. 

Methods used to specify surface roughness on draw 
ings for castings, forgings and plated surfaces are 

Castings and Forgings: Where all finished surfaces 
require the same degree of roughness, a note on the 
drawing should be used. The surfaces to be finishe 
should be designated with blank surface roughne 
symbols. Surfaces to have varying aegrees of rou’ 
ness should be properly marked as in Fig. 7. 


Typical flaw 


Lay (direction) 
(scratch) 








Fig. 1—Above—Mean surface is so located 
that odd-numbered areas are equal to even- 
numbered areas 


Fig. 3—Below—Example of surface rough- 
ness profile shows method of determining 


rms value of surface profile 


,gDimensioned surface (limiting boundary) 











> 
| 
height 


Surface roughness width 


height 





Fig. 2—Above—Surface features include 
ess height, waviness height, rough- 
ness width and lay (direction of pattern) 


Fig. 4—Below—Symbol used to indicate sur- * 
face roughness | 
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Plated Surfaces: The methods for specifying sur- 
face roughness on plated areas are similar to those 
described in the preceding paragraphs. However a 
note should be added to indicate whether the rough- 
ness specification is to apply before or after plating. 

Surfaces that are to be prepared by special opera- 
tions, such as buffing, lapping, scraping, honing or 
blasting, should have the roughness specified by the 
surface roughness symbol and number followed by 
a notation stating the required operation. 

Surface roughness should not be specified on draw- 
ings for parts where the surface produced by first- 
dass workmenship is considered to be satisfactory. 
However, when the surfaces of such parts are critical 
for proper operation, an appropriate surface rough- 
ness number should be designated regardless of 
whether the number so specified is the same as the 
number in a note on the drawing. Normally a sur- 
face roughness number is not required for: 


60-degree screw threads 
Pipe threads 
Tapped holes 
Drilled holes 
Reamed holes 
Countersunk holes 
Ends of bolts, studs 
Keyways of minor 
importance 
Cast surfaces 
Rolled surfaces 
Extruded surfaces 


Splines in holes 
Splines on shafts 
Broached holes 
Machine screw holes 
Counterbored holes 
Tool runout (thread relief) 
Screw driver slots 
Bolt and screw heads 
Spot-faced surfaces 
Sheared surfaces 
Sand, shot or hydro- 
blasted surfaces 


METHODS FOR SPECIFYING WAVINESS AND LAY: 
Naviness, Fig. 2, is of importance on surfaces such 
as bearings, journals, and areas where it is essential 
to control the percentage of contact. If control of 
waviness is necessary, the value of waviness height 
should be noted on the drawing as the maximum per- 
missible depth from crest to valley in decimal parts 
of an inch. Inch values should be selected from the 
following series: 


0.00005 0.0005 0.005 
0.00008 0.0008 0.008 
0.0001 0.001 0.010 
0.0002 0.002 0.015 
0.0003 0.003 0.020 


In addition to waviness height, the required con- 

lact or bearing area should be specified as a percent- 
age of the total area. The contact area should be 
uniform | y distributed over the surfaces under con- 
sideration unless specifications to the contrary are 
hoted on the drawing. 
_Waviness height may be measured by suitable dial 
indicators. Contact areas may be determined with 
bluing; a visual estimate is generally satisfactory in 
*stablishing the contact in per cent. 

Lay, which is the direction of the predominant 
Surface roughness pattern as illustrated in Fig. 2, 
may be of primary concern on machined surfaces of 

8, bearings, cylinder walls and piston rods. 

It should be specified by notes on the drawing such 
“8: “Lay perpendicular to long axis” or “lay multi- 
. tional”. If the number of notes regarding spec- 
Ons for lay are such that a drawing would be- 
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come difficult to read, then symbols listed in the 
following paragraph may be used in conjunction with 
the symbol of Fig. 4. Lay directional symbols for 
use with surface roughness symbols have been se- 
lected as follows: 


Symbol Description 

=e Lay is parallel to the boundary line repre- 
senting the surface to which the roughness 
symbol applies. The numerical value of the 
width of the roughness spacing is added to 
the right of the directional symbol such as 
= 0.008. This applies to all directional 
symbols. 

ES Lay is perpendicular to the boundary line rep- 
resenting the surface to which the symbol 
applies. 

Xx Lay is angular in both directions to the 
boundary line representing the surface to 
which the symbol applies. 

Lay is multidirectional. 

Lay is approximately circular relative to the 
center of the surface marked with the 
roughness symbol. 

R Lay is approximately radial relative to the 

, center of the surface indicated by the 

symbol. 


Qs 


SYMBOLS AND THEIR USE: Use of symbols for 
roughness and lay with roughness and waviness 
values is straightforward and will greatly simplify 
the problem of getting the desired information on’ 
drawings. Examples illustrating various combina- 
tions of roughness, waviness and lay specifications 
are shown in Fig. 8 and described as follows: 

In Fig. 8a the surface roughness height, in micro- 
inches rms, is placed adjacent to and on the inside 
of the long leg. This is standard practice and should 
be observed in all cases. 

When waviness height is to be specified the value, 
in inches, is placed above the horizontal extension 
line as shown in Fig. 8b. 

Designation of lay is iHustrated in Fig. 8c where 
the lay symbol is placed under the extension to the 
right of the long extension line of the surface rough- 
ness symbol as shown. 

Fig. 8d illustrates the proper placement of rough- 
ness width values, in inches, when required. This 
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\ Fig. 8—Left—Symbols showing combina- 
tions of roughness, waviness, lay and contact 
() area as a percentage of total area 


\, /wocee Fig. 9—Right—Exam- 
le of composite sym- 0.0005 x 65 
o.000sx90 Ponte ae S-16 (0 003 


roughness range, wavi- 
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value is placed to the right of the lay symbol. Individuals and organizations interested in this 
The percentage of contact area is placed above the standard may obtain copies by directing requests, 
horizontal extension line and to the right of the which should contain the title and the identifying 
waviness value as in Fig. 8e. symbol number of the standard (Military Standard 
The problem of specifying on a drawing the data —Surface Roughness Waviness and Lay, MIL-STD- 
necessary to give a complete story of the require- 10, 2 August 1949), to one of the following agencies: 
ments of roughness, waviness, lay and contact area Department of the Army contractors, to the Con- 
is shown by the following example and Fig. 9: A tracting Officer. 
surface on a machine part is to have the following Department of the Army agencies, to the Office, 
characteristics. Roughness within the range 8-16 Chief of Ordnance, Washington 25, D. C. 
microinches rms; waviness height maximum, 0.0005- Department of the Navy activities, to the Supply 
inch; lay to be circular relative to center of surface; Officer in Command, Naval Supply Center, Norfolk 
numerical value of width of roughness spacing to be 11. Va. 
0.003-inch ; contact area, 65 per cent. ee Department of the Navy contractors, to Bureau of 
Work now being conducted by organizations such Supplies and Accounts, Washington 25, D. C. 
as the American Society of Mechanical Engineers, Set the Morine Conse to the Qua steanlaaater Gen- 
the American Society of Automotive Engineers, the eral, Headquarters, U. S. Marine Corps, Washington 
American Standards Association and others will do 25 D.C 
mee Ch Selves She ewrge of custane Salen. . For Department of the Air Force activities and Air 
At a conference held in Ottawa, Canada, during ‘ Air 
aaa Force contractors, to the Commanding General, 
October 1950, accord was reached among British, , , ; Base 
: ‘ Materiel Command, Wright-Patterson Air Force 5as¢, 
Canadian and the U. S. Armed Forces in the use of : 
symbols set forth in this standard for expressing Dayton, Ohio. . 
Others, the Superintendent of Documents, U. 5: 


surface characteristics on drawings. It is certain tay : : C 
that, with the establishment of uniform practices Government Printing Office, Washing _™ % 


regarding surface roughness, waviness and lay, the Acknowledgment: The authors wish to express 
work of the designer, the engineer and the produc- their appreciation to the Department of Defense for 
tion supervisor will be simplified. permission to publish this article. 
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Fig. 12—A typical single- 
stage air compressor 


By J. Alan Campbell 
District Engineer 
Westinghoused Air Brake Co. 
San Francisco, Calif. 
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Supply systems seldom receive attention com- 

ply § | Mensurate with their importance; yet a pneumat- 

olk @ System is no more reliable than its air supply. The 

dryness and freedom from foreign matter of this 

of § “Upply determines the service life of most pneumatic 

devices in the system. A suitable compressor, Fig. 12, 

sn- § “ith adequately designed supply system is a primary 

on @ “Quirement for any successful pneumatic system. 

SELECTION OF PRESSURE: Minimum air pressure is 

\ir § “Sually dictated by the design application. In gen- 

ir § “l, pressures ranging from 80 to 125 psi are most 





‘mmonly used and probably represent the widest 
Practical utility. In this range there are more vari- 
cties of compressors and pneumatic devices available 
0 incorporate in design. Standard pipe, fittings, and 
hose aro adequate for these pressures, and frequently 
{ existing shop air supply can be used. 

Technically this range might be classified as the 
low-pressure field. There is one special division in 
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Pneumatic Power 


Design and application fundamentals 
for machine drives and _ controls 


Part 2—Design of Air Supply Systems 








this zone known as instrumentation that is entitled to 
further mention. Here pressures less than 40 psi 
are encountered, the most common standard being 
about 15 psi. This low pressure is chosen because 
it is well adapted to the orifice principle of control 
commonly found in recording instruments, boiler con- 
trols, etc. , 
Naturally, the lower the operating pressure, the 
larger the actuating device necessary to preduce a 
given force. Pressures above 125 psi are therefore 
often required where space limitations will not per- 
mit the Jarger devices required by lower pressures. 
Weight limitations of pneumatic control devices on 
aircraft have been so important that pressures of 
1500 psi or more are used to keep size and weight at 
a minimum. High pressure produces correspondingly 
high actuating forces and permits storing greater 
amounts of energy in the air reservoirs. However, 
the higher the pressure the greater strength require- 
ments will be. This means greater refinement in 
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design of elements and higher cosis for the pneumatic 
devices. 

Once the maximum pressure required by a system is 
established then the compressor is selected for a some- 
what higher value. First; because most compressors 
are controlled by a governor that requires some 15 to 
30 psi range and, second, because it is frequently desir- 
able to have minimum storage pressure appreciably 
above maximum pressure required by the system. 
This will allow for intermittent demands for air in 
excess of compressor capacity and aid in eliminat- 
ing moisture from the air. 


COMPRESSOR CAPACITY: A compressor should be 


large enough to supply all the needs of the system. - 


Also, it should have additional capacity to take care 
of leakage that might develop in the system, future 
additions to the system, and lower compressor ef- 
ficiency that may be expected as the compressor ap- 
proaches the need for major overhaul. 

To estimate the air consumption of a system it is 
necessary to determine the volume of free air per 
minute or per cycle for each element of the com- 
plete system. Where air cylinders or diaphragm 
chambers are used, the volume of free air used is 
given by the equation V = PV/14.7 where V = 
volume of free air used in cu ft, P = maximum pres- 
sure supplied to cylinder in psi absolute, and V = 


volume of piston or diaphragm displacement in 
ft. 

For pipe volumes, reservoirs or cavities in valves, 
the volume of free air used is given by the equation 
V = (P’V’/14.7) — V’ where V = volume of free air 
used in cu ft, P’ = pressure to which volume is 
charged in psi absolute, and V’ = volume filled with air 
in cu ft. These values of V can be determined per 
cycle of operation and multiplied by the maximum 
number of cycles per minute to obtain air requir. 
ments in cfm. 

Where air flows to atmosphere through an orifice 
the volume of air can be estimated from the data in 
TABLE 1. For example, the orifice used to eject work 
from a stamping press may be of.1/16-inch diameter 
and blow 100 psi to atmospheric pressure for 1/-see- 
ond per machine cycle. If there were 100 cycles per 
minute this would amount to 6.45 x 100/2 x 60 or 
5.4 cfm of free air required. 

Another factor affecting compressor size is fre 
quency of demand. If the need for air is continuous, 
the compressor must be large enough to supply air 
at the maximum rate required but, where the de 
mand is intermittent, a smaller compressor and ade- 
quate storage volume can be used. This permits the 
compressor to charge the storage reservoir when air 
is not required so that it will be available for short 


Fig. 13—Westinghouse Type YC two-stage air compressor 
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ptervals when air is used at a rate greater than the 
wmpressor can deliver. This requires a higher stor- 
ge pressure and a careful analysis of operating cycles 

s required to determine the most economic sizes for 
ompressor and storage reservoir. 

TYPES OF COMPRESSORS: Rotary, turbine, and re- 
jprocating compressors are the three most common 
ommercial types. The rotary compressor is small 
md compact which makes it desirable where space 
imitations are critical. However, it is more suited 
or low pressures because its small size and compact- 
ss makes dissipation of the heat of compression 
difficult. 

The turbine type compressor is suitable for low- 
pressure high-volume requirements. Its commercial 
applications are practically limited to supplying air 
to combustion turbines, and supercharging diesel and 
uircraft engines. However, this type of compressor 
has future possibilities of much wider application if 
its cost can be lowered and it is designed for higher 
pressures. 

The large majority of compressors for pneumatic 
systems are of the reciprocating type. They vary in 
size from fractional horsepower to the largest indus- 
trial installations, and in pressure from a few pounds 
tomore than 4500 psi. 

The single-stage reciprocating compressor can be 


~t- 5 ae 





Fig. 14—A two-stage aircraft compressor designed for 1500 psi service iets or 


pressure inlet 





built according to many designs and sizes. It is the 
least expensive in initial cost and is generally used 
where maximum delivery pressure does not exceed 
150 psi. Fig. 12 is a typical single stage compressor 
for general use. There are many single-stage com- 
pressors designed for higher pressures but, if operat- 
ing costs are at all important, a two-stage compressor 
is desirable for pressures above 150 psi, (Fig. 13). 
The two-stage compressor is more efficient and has 
lower discharge temperature which means less horse- 
power consumed and lower maintenance costs. An 
intercooler is generally used between the two stages. 

Where very high pressures are required, two or 
more stages are used with intercoolers between each 
stage. These compressors are more costly to pro- 
duce than those for lower pressures. This in itself 
is an important factor in determining the pressure 
for a control system. Fig. 14 illustrates a two-stage 
compressor designed for 1500 psi supply for aircraft 
controls. It is compact and lightweight. The mount- 
ing flange is typical of the mounting arrangement 
used where a compressor is driven by gear or coupling 
direct. Except where weight or space requirements 
are particularly critical it is usually more common to 
drive the compressor by V-belt or direct. This also 
permits the compressor to have its own independent 
lubricating oil supply rather than be dependent on 
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Fig. 15—Two styles of au- 
tomatic drain valve for air 
storage systems 





the lubricant used in the machine it is associated 
with. 

Where the compressor is driven from a gasoline or 
diesel engine, or a power take-off from another ma- 
chine is used, the compressor may run continuously. 
The pressure is usually controlled by a governor 
which holds the inlet valve open when a predeter- 
mined maximum pressure has been reached, and per- 
mits it to close when the pressure drops to the min- 
imum setting. If an electric motor drives the com- 
pressor a pressure switch permits start-and-stop con- 
trol. 

As important as it may be the compressor is only 
one element of the supply system. The suction strain- 
er cleans the air entering the compressor. It must be 
large enough to avoid presenting an appreciable re- 
striction to air flow and must have adequate capacity 
to catch dust and foreign matter without plugging. 
The lack of proper cleaning of inlet air will result in 
accelerated compressor wear and maintenance. 

The air discharged from the compressor is always 
hot from compression and should be cooled before 
entering the storage reservoir so that any entrained 
oil or moisture will be precipitated. The aftercooler 
on many smaller compressors is only an adequate 
length of discharge pipe. In other installations, air- 
cooled aftercolers employing finned tubing or water 
cooled aftercoolers are used. In any case the cooler 
should be provided with drain facilities or should 
slope so that precipitation will drain in the direction 
of air flow to the storage reservoir. 

The storage reservoir must not only be large enough 
to store the required amount of air, but should be 
equipped with a drain at its lowest point. The reser- 
voir should be piped so that the air passes through 
it. To be effective in collecting precipitate the reser- 
voir must have air pass through it at a low enough 
velocity so that fine droplets of oil or water will set- 
tle to the bottom. 

The size of reservoir is determined by the amount 
of air to be stored to take care of intermittent de- 
mands beyond compressor capacity. It is also im- 
portant to have excess capacity to take care of ad- 
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ditional operating time in case of a compressor fail 
This is important where time is required to gs 
down the machine without spoiling the product, 
creating a hazard. In some cases, however, the pm 
ervoir is kept to a minimum size to avoid long de 
in initial time to build up operating pressure. Whe 
these factors are not critical, the reservoir is pick 
with respect to the size required to cool and colly 
moisture from the air system. 

The drain valve can be a manual cock or may} 
automatic. Automatic drain valves, as shown j 
Fig. 15, are piloted by a timer or the compressor goy 
ernor. Safety valves and pressure gages are usual 


located on or immediately after the first air reservoi 
To provide adequate protection, the safety valy 
should have a capacity greater than the compress 


at the pressure setting used. 

In order that the compressor governor or pik 
valve does not foul with carbon, moisture, or oil, 
should be supplied with air from the reservoir rather 
than be connected to the discharge line near the con 
pressor. 
ernor. 

If air storage is at a higher pressure than is & 
sired at the point where it will be used, a reducigg 
valve can be used after the storage reservoir. Ti 
use of a reducing valve also insures a constant sw 
ply pressure even though there may be 20 or 30 js 
fluctuation in storage pressure due to the range @j 
the compressor governor. 

The air leaving the supply system should be cleanet 
with a line filter to remove rust, pipe scale, or othe 
foreign matter. The line filter usually uses curled 
hair or felt for a filter element although many othe 
materials are also employed. This filter can be ver 


Table 1—Free Air Flow Through Orifices* 


(cubic feet per minute) 











Receiver 
Pressure Orifice Diameter (in.) 
(psi) 3/64 1/16 3/32 


0.430 0.97 1.72 
0.607 1.36 2.43 
0.471 0.750 1.68 2.98 
0.545 0.965 2.18 3.86 
0.77 1.36 3.08 5.45 








0.242 
0.342 


0.94 1.67 3.75 6.65 
1.07 1.93 4.25 7.7 
0.54 1.21 2.16 4.75 86 
0.632 1.40 2.52 5.6 10. 5 40.0 
0.71 1.56 280 62 £112 : 44.7 
49.1 
53.8 
58.2 
67 
76 


0.77 1.71 3.07 6.8 

0.208 0.843 1.9 3.36 7.6 
0.225 0.914 2.05 3.64 8.2 
0.26 1.05 2.35 4.2 9.4 
0.295 1.19 2.68 4.76 10.7 
85 

94 

103 
112 
121 


0.33 1.33 2.97 5.32 11.9 
0.364 1.47 3.28 5.87 13.1 
0.40 1.61 3.66 6.45 14.5 
0.43 1.76 3.95 7.00 15.7 
120 0.47 1.90 4.27 7.58 17.0 
18.2 ’ 130 
138 
147 
169 
195 


— 


130 0.50 2.04 4.57 8.13 
140 0.54 2.17 4.87 8.68 19.5 
150 0.57 2.33 5.20 9.20 20.7 
175 0.66 2.65 5.94 10.6 23.8 
200 0.76 3.07 6.90 12.2 27.5 48.7 110 





* Excerpts from PAEA publication How to Select an Air Compress 
Notes: The capacity of an air compressor cannot be checked a 


curately by use of this table and a narrow edge orifice. Specialized 


equipment is necessary to check compressor capacity. 
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Fig. 16—Chart giving moisture content of air at various temperatures 
—fhelpful in reducing maintenance or failure of the the air system it can cause rusting, wash-off of lubri- 
pieumatic devices that follow it. cants, corrosion, and otherwise be detrimental to 
1 The final element of the supply system is.the shut- proper function of pneumatic devices. However, by 
6§§0f valve. It is convenient to use a vented cock that following a few simple rules of design of the supply 


will exhaust the downstream side when the cock is 
is4lsed. This permits shutting down the system for 
21*@ inspection, adjustment, or maintenance without the 
26.7 Waste of air or time that would result from draining 
the storage reservoir. 


40.1 OW AND MoIsTURE: Any lubricated compressor will 
Pass some oil into the air system. In some cases, oil 
may be undesirable such as where delicate valves or 
532, Cllices are used. In other instances, lubrication in 
ot Bf tself is not harmful and may, in fact, be needed. 
For example, line lubricators are often used to in- 
troduce oil for some devices. The important point, 
103 however, is that oil discharged from a compressor 
~ may have properties that make it undesirable and 
itcan be eliminated by the same means used to re- 
“ move moisture from the air system. 
147 All atmospheric air that enters a compressor con- 
a tains some moisture, the amount depending mainly 
; 2 Weather conditions. When compressed, the air 
= hold less moisture than at atmospheric pressure 
80 it is normal to expect some water to precipitate 
i the air system. If the water carries throughout 
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system moisture can be collected in the storage res- 
ervoir or other locations where it can be drained off 
harmlessly. If these rules are followed, moisture 
need not be a problem in any pneumatic system, re- 
gardless of the application or environment. 


By referring to Fig. 16 it will be seen that as pres- 
sure increases air can hold less moisture and as tem- 
perature increases air can hold more moisture. In 
the pneumatic system, moisture will be precipitated 
anywhere in the system that the temperature drops 
to the dew point for the corresponding pressure, un- 
less the moisture has been previously removed. To 
be sure that moisture does not precipitate beyond 
the storage reservoir, four rules outlined in the fol- 
lowing must be observed: 

1. Compress the air to a pressure sufficiently higher 

than the pressure at which it will be used so that 
a maximum amount of moisture can be precipi- 
tated at the higher pressure. Thus, when air is ex- 
panded through a reducing valve its relative hu- 
midity will be low enough to hold any moisture 
that remains 





2. Cool the air in an aftercooler that drains precipi- 
tate in the direction of air flow to a suitable sump. 
In most cases it should be cooled to within 3F 
of ambient temperature or lower if a water-cooled 
aftercooler is used 

. Pass the air through a reservoir of sufficient cross 
sectional area so that air velocity is decreased to 
the point where any droplets of moisture entrained 
with the air will settle out. Centrifugal sumps or 
baffle arrangements may help in this function 

4. Drain off the water, preferably with an automatic 


Fig. 17—Alcohol antifreeze unit for use on 
systems subject to low temperatures 
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drain valve, so that it cannot collect in sufficient 
quantity to be picked up by the air and carrie 
on through the piping. 

These four points are the most important facto 
for the designer to watch. There are many othey 
minor factors such as locating the air intake straine 
of the compressor where it will not collect rain, snow 
or moisture from steam leaks. Also, pockets in the 
air piping should be avoided where possible, so that 
water will not collect. 


FREEZING: Where pneumatic systems are subject 
to winter weather there is a possibility that the ever 
present moisture in air might freeze and restrict o 
close off the flow of air. To prevent failure due t 
ice formation, the rules for eliminating moisture 
should be followed and in addition other precautions 
may be advisable. If the volume of air used is no 
too great an antifreeze can be used to keep the wate 
liquid until it is drained from the system. Fig. 1 
illustrates a wick fed methyl alcohol antifreeze wit 
for attaching to the intake of the compressor. 

Where antifreeze units are not desired, deposits 
of ice in the system can be controlled otherwise in 
some instances. Air leaving the compressor is gen- 
erally hot enough to hold all the moisture it con- 
tains. As it cools to the dew point it precipitates 
no moisture. From this point down to 32 F, the 
greatest part of the water in the air will precipitate 
as a liquid. This should be collected and drained 
from the system before it reaches the freezing zone 
The small amount of moisture left in the air will de 
posit as frost as the air continues to cool to ambien! 
temperature. This frosting should take place in : 
reservoir or parallel type cooler where the cross-set 
tion area is great enough to accumulate frost with 
out undue restriction of air flow. 


Eliminating Precipitation and Frosting 


The points in the system where precipitation an 
frosting start are variable depending on weather con 
ditions. It is, therefore, desirable to have a larg 
cross-sectional area for the air to pass through from 
compressor to reservoir and have frequent points fo 
draining out moisture along the way. This can & 
accomplished by having two storage reservoirs i 
series with a parallel type cooler ahead of each omé 
The pipe connecting the coolers and reservoirs sho 
be short and oversize to accommodate such frost 
might accumulate in them. Automatic drain valve 
and centrifugal sumps are also valuable in removile 
water before it is cooled to freezing temperature 
This method is effective on mobile machines such 
cranes and shovels or stationary machines such 
conveyors or hoists. The principles are the same 
gardless of the size or type of installation involve 

All pneumatic systems are dependent on an a 
quate supply of clean dry air. The principles of 
sign that will insure such a supply are relative 
simple but their proper use is of vital impo 
to the whole system. Third and final part in 
series of articles, “Design, Selection and Applica 
of Pneumatic Components”, will appear in a su® 
quent issue of MACHINE DESIGN. 
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e in 
gen- 
con- 
ates 
the 
tate ENERALLY there are two spheres of operation in which the 
ined problem of reducing costs can be most readily attacked. These 
‘One can be designated as: (1) Design of product and (2) fabrica- 


deg tion methods and processes. So far as the design of a product is con- 

jen cerned, the first requisite is that design be such that the product 

in @ properly fulfills the function for which it is intended. 

sec Once this basic requirement is taken care of, the designer can 

ith@ turn his attention to considering the manner in which the product 
can be most economically produced. It is essential, therefore, that 
the design engineer be thoroughly familiar with all the various types 
of production equipment which his company has in operation, or 
available for use. 

an The design engineer should also have a working knowledge of 


Fig. 1—Right—Motor-generator shaft redesigned for lower costs 






Fig. 2—Below—Redesign of shaft to eliminate machining. Small- 
diameter extension is cut from hot-rolled stock, upset and welded on 
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Serration Detail Note: Butt exciter extension ame. 

S-8129-2A at this point and 
weld withz continuous weld ry 
to be concentric with main shaft within O15 bot 
: 
” 


Fig. 3—Shaft parts in position for welding, left, and after com- 
pletion of automatic hidden-arc weld, right, opposite page 


the relative costs of various production processes. For example, if 
a large number of parts are involved it may be more economical pe 
to design the part as a pressing rather than a casting which might § ro, 
require several expensive machining operations. ms 
However, it is hardly to be expected that the design engineer will 
be as familiar with the details of production equipment, methods and § jy; 
processes as is necessary to insure maximum economies so far as § ti 
production costs are concerned. Hence, it is advisable that he work § gp 
closely with methods and process engineers, who may be members § jg) 
of the general engineering staff or who may come under the manager sig 
in charge of fabrication. die 
A concrete example will illustrate some of the points which § |g) 
must be kept in mind if the desired results are to be obtained. The 
shaft for a motor-generator set, Fig. 1, started out in life many years § ip 
ago by being machined in an engine lathe with the old fashioned wa 
high-carbon steel tools. One of the early steps in reducing production § jj 
costs was the changeover to the use of high-speed steel tools and du 
later to tungsten-carbide tipped tools. Of course when the carbide § og 
tools came into use it was necessary to employ much more robust ria 
and higher speed lathes in order to take full advantage of the high cut- the 
ting speeds possible with the carbide tools. wh 
At this point it became very difficult to conceive of further § af 
changes which would effect the yearly cost reduction called for by 
the cost reduction program. Finally the problem was solved by an me 
entirely new approach—through design. ke 
Redesign involved making the shaft in two parts, Fig. 2, which, § sp 
after rough machining the larger part, would be welded together. In pe 
production, the two parts are automatically are welded together with an 
a simple setup near the lathes using the manual Lincolnweld Hi- po 
density hidden-are process, Fig. 3. The weld is 1% inches in diam- ke 
eter and takes about 15 seconds. The shaft is held vertically and the 
electrode is applied at approximately 30 degrees from the vertical. du 
After welding, the shaft is straightened to within plus or minus ().02- ist 
inch and finish machined as shown in Fig. 1. of 
This change provided a saving in direct labor of 18 cents due to tal 
the fact that there was very much less metal to be removed by turn ac 
ing. At the same time a material saving of 85 cents was made, since an 
instead of purchasing over 10 inches of 34-inch diameter stock, all wi 
that was required was 10 inches of 114-inch diameter stock from which pe 
the small-diameter extension is made. pr 
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3 Pairs of longitudinal 
tions equally spaced 








pia fe ee 








section of shaft cut to length; centered 

both ends face to this length rough furn 

ces,t+ .040 to O60, except extensions 
which should be +.025 to + 035 


Fig. 4—Above—Complete shaft drawing showing rolled serration 
design used to replace machined lamination keyways 


This one change secured a cost reduction of approximately twenty 
per cent, and more than met the cost reduction called for by the cost 
reduction program in the particular period when the change was 
made. 

On this same shaft another cost reduction has been made which 
illustrates the importance of ingenuity and imagination in the opera- 
tion of any successful program of this kind. At the end of the small 


shaft extension there is a short length which required a slightly 
larger diameter than the major portion of the shaft. Ordinary de- 
sign practice would call for a piece of stock of at least the larger 
diameter to be machined down, thus leaving the short length of 
larger diameter at the end of the shaft. 

To avoid this machining, a collar was welded on and this resulted 
ina small saving of both labor and material. However, more thought 
was given to this particular problem and a design was evolved which 
eliminated the welded-on collar entirely, effecting a double cost re- 
duction—in material and direct labor. The idea was to form a partial 
collar on the shaft by means of displacing some of the shaft mate- 
rial itself. An inspection of the small end of the shaft will indicate 
the simplicity of the operation, Figs. 1, 2 and 3. This upset collar, 
which provides a seat for the exciter armature, is turned to diameter 
after the upsetting operation. 

Another design innovation which resulted in cost savings is the 
method of securing the armature laminations onto the shaft. Both 
key and keyway have been eliminated and in their place three sets of 
special serrations are rolled into the shaft, Fig. 4. These serrations 
permit pressing the laminations onto the shaft without complication 
and are produced in a special vertical machine designed for this pur- 
bose. Rolling these serrations instead of milling keyways and using 
keys reduced costs about 10 cents per shaft. 

CONCLUSION: Perhaps the most needed characteristic in cost re- 
duction work is that of imagination. Unfortunately, this character- 
istic is all too scarce. Nevertheless, every designer has some measure 
of it and this is capable of development. It is one of the more impor- 
tant duties of engineering management to develop this valuable char- 
acteristic in those whom they direct. It is a fact that every method 
and every process employed today can be improved. The knowledge 
will assist in the development of imagination and it cannot be re- 
Peated too often or emphasized too much. Every product can be im- 
Proved and its cost in man-hours and materials can be reduced. 











UBLISHED standards for pivoted shoe thrust 
bearings show that between 12 and 24 inches the 
outside diameters of the shoe faces for succes- 
sive sizes vary closely as the sixth root of 2. Since 
the net areas vary as the square of the diameters, 
the third root of 2 would be the progressive rate of 
capacity increase. Below 12 and above 24 inches 
these increments have not been held to consistently. 
However, because these increments are reasonable, 
the author proposes to use them as the basis of a 
standard, consistent series of sizes that may be fol- 
lowed in the further development of such bearings. 
It is proposed that a set of rational sizes should 
have a basic series of outside diameters, each twice 
as large as the preceding one: 3, 6, 12, 24, 48, 96, 
and 192 inches. Between each successive pair of 
these basic sizes there would be five other diameters 
determined by multiplying the lower of the basic 
sizes by the factors: 1.00000, 1.12246, 1.25992, 
1.41422, 1.58740, 1.78179 and 2.00000 which represent, 
respectively, 2°, 21/6 21/3, 21/2, 22/3 25/6 and 2.1 
The complete series of proposed diameters is tabu- 
lated in TABLE 1 and designated D. Values are given 
to three decimal places, but can easily be calculated 
to five, if necessary, for maintenance of accuracy in 
the determination of other proportional dimensions. 
The principal diameter, D, could also be expressed 
to the nearest tenth of an inch and be called the 
nominal size. By dropping the decimal point of this 
nominal size, a series of size numbers is obtained. 
Thus bearing No. 302 would have an approximate 
outside diameter of 30.2 inches, tabular value D = 
30.238, and a more exact diameter of D = 30.23808 
inches. 
Just as the rational series of diameters, D, was de- 
termined, a similar series of desirable housing bores, 
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By H. A. S. Howarth 
Consulting Engineer 
Philadelphia, Pa. 
































Fig. 1—Proportions of 8-shoe thrust gues g on which 
this proposed standard is base 


C, was found. It has been customary to make that 
bore about 6 per cent larger than D. Hence, ‘1 
twelfth root of 2, which is 1.05946, may be used as & 
factor. The resulting diameters are also listed 1” 
TABLE 1. ; 

If an intermediate bearing size is needed between 
those listed in the D column, the twelfth root ©! 
would be used to determine the diameter, D, hence 
the intermediate size could be taken from the © 
column. A suitable housing bore for this size bea! 
ing would then appear as the next higher diameter 
in the D column. For example, if a size betwee? 


bo 
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Proposed Standards Foy 












‘hvoted Shoe Thrust Bearings 





3780 and 4.243 is needed, D would be 4.005 and C 
would be 4.243. 

Eight equally spaced shoes, Fig. 1, have been 
chosen for this standard series because analysis 
shows that eight shoes have the best combination of 
mechanical strength, fluid film capacity and low fric- 
tion. It has been customary to make the total face 
angle of each full set of eight shoes 306 degrees, or 
384% degrees per shoe. Hence, the net area of eight 
38%4,-degree shoe faces would be (2/4) (D? — D?/4) 
(306/360) or very closely D?/2 when the shoe bore is 
D/2. The net area is 306/360 or 85 per cent of the 
available surface. The remaining 15 per cent is used 
for oil channels. With the same area ratio and six 
shoes, each shoe would subtend an angle of 0.85 x 60 
= §1 degrees. 

Capacity and friction have been discussed at length 
elsewhere and tables given for both thrust and radial 
bearings, each having eight pivoted shoes, (MACHINE 
DesiGN, “Load Capacity of Pivoted-Shoe Bearings, 
Parts I and II, July and August, 1948). 













Thrust Face Dimensions 





A series of rotating thrust faces as generally used 
with pivoted shoes is shown in Fig. 2. Thrust faces 
of a hub and of a shaft end are shown and dimen- 
sioned in Figs. 2a and 2b. This face should overlap 
the faces of the shoes, inside and outside, by 1 per 
cent of the diameter, D. This overlap is indicated 
also in the other thrust faces, Figs. 2b to 2f. Other 
standardized proportions include the thicknesses of 
integral and removable thrust collars, Figs. 2c and 
2d. These two collars must be strong enough as rings 
or plates not to be overstressed where they join or 
are bolted to the shaft. 

The rational series of diameters can furnish di- 
mensions not only for bearing elements but also for 
their mountings and for the shafts with which they 
are used. The nominal average or mean diameter 
of standard shoe faces is 0.75 D, as can be seen from 
mspection of Fig. 1. Minimum and maximum diam- 
eters for shafts with integral thrust collars, Fig. 2c, 
When used with standard shoe faces are 0.375 D and 
0445 D, respectively. If neither of these shaft sizes 
tan be used, two preferred intermediate diameters, 
0397 D and 0.420 D, are included in the proposed 
standard. The bore of a removable collar for stand- 
ard shoe faces, Fig. 2d, is 0.397 D. Diameter of a 
shaft with a removable collar used with standard 
shoe faces, as in Fig. 2d, is 0.472 D. The inside diam- 
eter of standard shoe faces is 0.5 D, from Fig. 1, and 
the inside diameter of a standard base is 0.5 C. 

Fillet diameters at the shaft for an integral collar 
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(a) Hub Foce Finished for Bearing 
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(5) End of Shaft Finished for Bearing 


























0.3750 
03970 
0.4200 
0 445 
} 1o1o 
of 
0.49 
weal 








(c) integral Shoft Collar Finished for Double Bearing . 
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(7) Removable Thrust Collar Finished for Double Bearing 
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Fig. 2—Proportions of rotating thrust faces usually used 
with pivoted shoe thrust bearings covered in suggested 
standard and shown in Fig. 3 
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may be equal to the radial distance from the base of babbitt-faced steel-bodied pivoted shoes to carry th 
the shoes to the turn of the shaft. The fillet should rated load, when mounted as in Figs. 3b to 3h. Ty 
be cut slightly below the collar face to permit lapping dowels or other means that hold the shoes in play 
of the face. Radial margin of the face within the are not indicated, as they might differ with the maj _ 
shoe base should not be less than 0.005 D. Diameter ufacturers. However, it is proposed, for the serig pow 
of the dowel pin circle, Fig. 2e, is 0.8118 D. It should of designs now to be described, that the shoes shal|fi amet 
be noted that the standard shaft sizes are all in the be alike and interchangeable throughout. = 
twelfth root series, extended downward. _® 
In establishing dimensions of fitting parts the min- 3.0 
imum should be chosen for a bore and the maximum - 
for a turn. The bearing designer should supply a 4.2 
table of recommended tolerances for parts which join 4.7) 
the bearing assembly. - 
6.0 

6.7 

1.5 

8.4 

9.5: 

10.6 


Spherical Pivots Permit Tilting 


The simplest mounting for shoes is that of Fig. 3 
Radial tilting is not provided for on the shoe ek. 
ments or on the ring or back plate upon which they 

RATIONAL STANDARD PIVOTED SHOE THRUST BEAR- rest and to which they are fastened to form this 
ING DESIGNS: The design standardization of thrust combination. The ring or back plate is, however, 
shoes ‘and their supporting bases is illustrated in formed to permit the essential circumferential tilting 
Fig. 3. The shoes alone are indicated in Fig. 3a with of the shoes. It can be held against rotation by 
a thickness of 0.053 D, which is sufficient for eight means of the kéy shown in its rim, or otherwise. The 


Fig. 3—Suggested standard thrust bearing designs. Various styles are made 
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(c) Thrust Shoes on Spherical Pivot Disks in Cage (7) Thrust Shoes, Disks, and Hoard Lower Plate 
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(9) Thrust Shoes, Disks, ond Equalizers on Hard Lower Plate (A) Thrust Shoes, Disks and Adjustable Bose 
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Table 1—Proposed Diameters for Series of 
Pivoted Shoe Thrust Bearings 


































(inches) ~ 
Inside di- Inside di- Inside di- 
Outside di- ameter of Outside di- ameter of Outside di- ameter of 

ameter of housing ameter of housing ameter of housing 

standard for bear- standard for bear- standard for bear- 

shoeface ing cage shoe face ing cage shoe face ing cage 

D Cc D Cc D Cc 

3.000 3.178 12.000 12.714 48.000 50.854 
3.367 3.568 13.470 14.271 53.878 57.083 
3.780 4.005 15.119 16.018 60.476 64.072 
4.243 4.495 16.971 17.980 67.883 71.919 
4.762 5.045 19.049 20.181 76.195 80.726 
5.345 5.663 21.381 22.653 85.526 90.612 
6.000 6.357 24.000 25.427 96.000 101.708 
6.735 7.135 26.939 28.541 107.756 114.166 
7.560 8.009 30.238 32.036 120.952 128.145 
8.485 8.990 33.941 35.959 135.765 143.838 
9.524 10.091 38.098 40.363 152.390 161.452 
10.691 11.327 42.763 45.306 171.052 181.224 
192.000 203.416 













overall combination height is 0.10 D. 

In the next combination, Fig. 3c, the shoes are 
mounted on disks with hardened spherical pivots that 
permit tilting in any direction. For durability the 
deck should be hard where the pivots rest. The plate 
and disk element combined with the shoes have an 
overall height of 0.10 D. 

The combination of Fig. 3d includes a lower plate 
that is hardened where the shoe support pivots rest 
upon it. The height of this combination is 0.14 D. 

The forms previously described require a thrust 
deck that is square with the shaft in order that the 
thrust load shall be equally distributed over the 



















Amplidyne Drive 


MPLIDYNE and electronic control will be used 
to provide a completely co-ordinated drive on 
4 veneer lathe, pressure roll, tipple and trays for 
Puget Sound Plywood Inc., Tacoma, Washington. In 
operation, a thin sheet of veneer is peeled by a knife 
from the full length of the log placed between two 
chuck centers. The knife is advanced at a specified 
rate 80 as to produce a continuous sheet of uniform 
thickness, The sheet is in turn picked up by the 
tipple which feeds the veneer to storage trays ar- 
Tanged in a stack, one above the other. The veneer 
lathe drive is a direct-current system, utilizing am- 
blidyne control to obtain the maximum performance 
the drive components. Key to the drive is the 
use of an amplidyne exciter. In appearance and main- 
“wance, the amplidyne resembles a conventional 
direct-current exciter. However, where the ratio of 
bower output to excitation power for a conventional 
— may be 25 to 1, the same ratio is 1000 to 1 
or the amplidyne so that the drive is controlled by 
“wrents which usually amount to a fraction of one 
ampere. j 
The drive, designed by General Electric Co., holds 
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shoes. When the deck is initially out of square with 
the shaft, or when it may become so under load or 
with time, the shoes should be supported by some 
aligning means. One such means is a pair of 
spherically mated rings, as seen in Fig. 3e. When 
used with the elements of the Fig. 3c bearing there 
results the combination, shown in Fig. 3e, that is 
self-aligning but not sensitively so. Its overall height 
is 0.21 D. 

A sensitively aligning supporting means is shown 
in Fig. 3f. It is combined with the style shown in 
Fig. 3c to produce a bearing whose overall height is 
also 0.21 D. It requires a reasonably flat deck upon 
which the lower equalizers may rest their blunt radial 
knife edges. 

Greater durability of lower equalizer tilting con- 
tacts is obtained by means of a plate hardened local- 
ly, and combined with the type shown in Fig. 3f to 
produce the design of Fig. 3g. The height of this 
bearing is 0.25 D. 

Another way to mount the shoes for distributing 
the load upon them is to employ jack screws, which 
are readily adjustable under load and locked, as in 
Fig. 3h. Their use also permits height change. The 
adjustable base of this bearing, together with the 
components shown in Fig. 3c, produces a unit with a 
height of 0.25 D. 

Split bearing bases are possible within the tabu- 
lated standard dimensions for styles shown in Fig. 
3 b, c, d, f, g and h but not with type Fig. 3e. 

The shoe retaining ring, shown in Fig. 3b, or the 
support retainer, shown in Fig. 3c, could be made in 
halves when required to permit radial removal of 
shoes from otherwise solid bearing bases. 








for Veneer Lathe 






constant veneer cutting speed as the log diameter 
changes. The unique combination of a motor-mounted 
tachometer generator and knife-operated rheostat 
produces a voltage directly proportional to veneer 
sheet speed. This voltage is balanced against a fixed 
voltage and any difference is impressed across an 
amplidyne control field. Since an infinitesimal amount 
of amplidyne excitation controls the amplidyne out- 
pat, this small voltage difference controls the speed 
of the driving motor. 

The co-ordinated drive also includes a 714-hp motor 
to drive the tipple conveyor, and a 15-hp motor to 
drive the storage trays. Control is arranged so that 
the speed of the tipple and tray conveyors will be equal 
to and will follow linear sheet speed of the peeled 
veneer as it comes from the lathe. A 3-hp pressure- 
roll Thy-mo-trol drive maintains constant torque on 
the roll above the knife. Standard wound-rotor mo- 
tors with 50 per cent fixed secondary resistance are 
commonly used for this application. Speed of the 
entire system is controlled by a master speed-control 


lever and all drives will stop when the control is in 
the off position. 








Selection of Matt 


- - » must be guided by more than conventional tests and data 


By H. W. Gillett 


Chief Technical Adviser 
Battelle Memorial Institute 
Columbus, Ohio 


N ENGINEER sometimes finds behaviors in 

service that he did not foresee because the 

metal he used had not been checked for all 
its behaviors in just that service. Some of these 
cases prove dangerous and expensive. Examples are 
the failures of cables of the Mount Hope and the 
Ambassador bridges, in an advanced stage of erec- 
tion, requiring replacement at a cost of several mil- 
lion dollars; embrittlement and fracture of steam 
piping after years of service at high temperature in 
a power plant; explosion of a tank storing flammable 
liquefied petroleum gas at low temperature, involv- 
ing a bad fire and several deaths; breaking in two 
of welded ships during the war; and many instances 
of less spectacular failures in less important struc- 
tures or machines. 

In the instances cited, specifications were drawn 
and tests made, based on behavior under conditions 
not exactly those of service, which raised the expecta- 
tion that performance would be satisfactory. Post- 
mortem studies showed that, instead of the behaviors 
being freaks, they were what might, with better knowl- 
edge, have been expected. Remedies then became 
apparent. 


SERVICE CONDITIONS: Metals do behave just as they 
have to, from their composition and structure, under 
the imposed conditions. Their behavior does not vary, 
as the small boy’s is supposed to do just before Christ- 
mas, or as that of other humans does depending on 
what they did, or ate, or drank the night before. 

There is more to the choice of metals than just 
avoiding failure in service. As knowledge and tech- 
nique advance, it is always an open question whether 
entirely satisfactory service cannot be obtained by 
use of an alternate, cheaper material, or an alternate, 
cheaper method of fabrication, utilizing a material 
fitted for the new fabrication method. 

Abstracted by permission of the publisher, John Wiley and Sons Inc., 
from The Behavior of Engineering Metals, copyright 1951 by Battelle 


Memorial Institute. 
2 References are tabulated at end of article. 
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An interesting discussion! of the savings often 
secured when problems of redesign and of alternate 
materials are brought up gives case histories and 4 
list of pertinent questions to be asked, in so-called 
“value analysis.” One of them is: “As the part is 
studied, imagine that you are forbidden to use it. 
How, then, would the job be done?” A similar ques- 
tion would apply when the prohibition refers to 4 
previously used material. 

Even the nontechnical executive might profit by 
enough grasp of the behavior situation to set his tech- 
nical men to examining both the design and the ma- 
terials in a present or a planned product from such 
a point of view. There is little need for others than 
the metallurgical specialists to delve deeply into the 
causes and remedies for the idiosyncrasies of metals, 
but there is dire need for understanding by those 
others of what limitations their own designs and 
their own service demands set to the performance of 
metals. 


EFFECTS OF DESIGN ON BEHAVIOR: It is generally 
considered that the lion’s share of all failures in 
service comes from fatigue (i.e., progressive failure 
under repeated stress) and one automotive engineer,’ 
in a deservedly oft quoted comment, places the 
responsibility as follows: “Fully 90 per cent of all 
fatigue failures occurring in service or during !abo 
ratory and road tests are traceable to design and 
production defects, and only the remaining 1° per 
cent are primarily the responsibility of the metal 
lurgist as defects in material, materials specific: ‘ion. 
or heat treatment.” 


. .. metals do behave just as they have to 
. .. their behavior does not , as the 


small s is supposed to do just before 
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one selected stress rose to 639,000 against a mazi- 
mum, with the original X3140 knuckles, of 241,000! 

The search for a metallurgical substitute developed 
the fact that feasible engineering modifications were 
so much more potent than steel composition that the 
final results, using a mildly alloyed steel plus some 
mechanical engineering attention, far surpassed those 
without that attention. 
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a sequel to “Mechanical Properties of 
“ which appeared in March, this ar- 
is also based on a new book by the 
Dr. Gillett. His pungent observations 
valuable counsel on many aspects of 

selection—an ever-complex issue 













In relation to gas-turbine design, Young® says, 
‘Equal attention must be paid to exact temperature 
and time at temperature as well as stress. With a 
thorough investigation of these variables, proper con- 
sideration for limitations of present alloys, and with 
a growing background for an understanding of these 
limitations, substantial improvement can be effected 
without resort to a Utopian material permitting un- 
limited power and efficiency with a minimum of de- 
sign effort.” 

As an example of the effect of design, take the 
case cited by. Wood and Sanders* who developed an 
apparatus for studying the resistance of steering 
knuckles to repeated overstress, using actual full-size 
knuckles rather than endurance specimens, and ap- 
plying measured forces of the magnitude and direc- 
tion met in service. They first determined the range 
of lives at the selected stress, given by several lots 
of knuckles made from a certain steel (X 3140) that 
had previously been used in production, and then 
by those made from several other steels. In this com- 
ally parison, another steel, 4140, gave knuckles that 

In Biested slightly better than X 3140, but the supply 
ure Bsituation was shifting so that 4140 would not be avail- 
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er,’ fitble, A third steel was then tried and gave a wide 
the Biscatter in results at first, but after engineering modi- 
all Bification of fillet radii, the scatter was reduced to 
bo- Hnormal and the average life increased. 

und B In turn this third steel became unavailable, so NJ? 
per B44 was tried. The average and high values wer? 
~ ‘atisfactory, but some low results were obtained. 


Shot-blasting the area of stress concentration was 
then resorted to. The low fatigue-life figure for ths 
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COMBINATION OF REQUIREMENTS: In early days, 
crankshafts universally were forged steel, and string- 
ent specifications and tests were imposed to insure 
that the shaft would bend and be very tough. Final- 
ly, the fact percolated through that a bent crank- 
shaft is as useless as a broken one and that it does 
not require toughness, for it does not need to resist 
severe impact in service. Millions of Ford cast crank- 
shafts, not capable of appreciable bending and quite 
brittle, but properly rigid and wear-resistant, are in 
successful use. The cost of the machined cast shaft 
is significantly lower than for the forged one. 

We are prone to think that the stronger a mate- 
rial is the better it is. On this basis steel pipe would 
be better than soft copper tubing. However, for 
carrying water to the various household taps, if the 
water is of a type not corrosive to copper, the more 
expensive copper may be the better, because a long 
tube can be snaked around corners where the steel 
pipe would have to be in sections and ordinarily 
joined by threaded connections. So the extra cost of 
the copper may be largely made up by low installa- 
tion cost. The strength of copper is ample for the 
use, the extra strength of the steel is of no value. 
Moreover, if the pipes happen to freeze, the soft cop- 
per will give instead of bursting. No one mechan- 
ical property but rather a set of mechanical and 
physical properties are the criteria of suitability for 
almost any service you care to name. 


THE QUESTION OF DUCTILITY: For such applica- 
tions as gas-turbine rotors, designers are prone to 
demand considerable ductility, which comes as a sac- 
rifice in strength. Conventional ductility values as 
obtained in a tensile test have been taken as the 
criterion. Holms and Jenkins,5 of the NACA, ex- 
amined the validity of this criterion by comparing 
tensile ductility with bursting tests of rotating disks, 
both solid and with central holes of varying sizes. 

Beyond the point of maximum load in the tensile 
test, when necking begins, there is a region of in- 
stability. They consider that, for high-speed rotating 
disks, ductility criterion is the reduction of area at 
the maximum load, before necking starts, rather than 
the conventional elongation or reduction of area after 
fracture. 

They examined steels, beryllium copper, stainless 
steel, brass, and a nickel-base alloy, in which the 
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conventional elongations varied from 34% to 53 per 
cent, conventional reductions of area from 31% to 70 
per cent, reductions in nonnecked area from 0.8 to 
17 per cent. Some of these alloys were weak, down 
to 58,000 psi tensile, some strong, up to 190,000 psi 
tensile. 

The strong, low-ductiilty materials showed as good 


. . « the belief that ductility fi are 

direct and accurate gages of ability to be 

cold worked or of avoidance of shatter- 
ing failure is without basis . . . 


utilization of strength as did the more ductile ones, 
and this held whether the disks were solid or had 
central holes. Indeed, the authors say that the 
strength of the disk with a large central hole de- 
creases in the range of high ductility. The only ef- 
fect of ductility was that, when the disk was rotated 
at a speed sufficient to fracture it, the more ductile 
materials broke into only two or three pieces, the less 
ductile into more pieces. 

An opposite point of view is expressed by Saldin 
and DeHuff,* who tentatively conclude, on the basis 
of very few tests, that hot ductility is needed in jet- 
engine rotors. But they give no definite idea as to 
how much ductility is needed. Manson,’ discussing 
the combined effect of centrifugal and thermal 
stresses on turbine disks, comments, “As yet, experi- 
mental data are very meager on the significance of 
ductility.” 

Many metal objects neither have nor need appre- 
ciable ductility. Despite the severity of their serv- 
ice, railroad rails have only vestiges of ductility. Used 
rails are cut up into head, web, and base, reheated, 
and rerolled into smaller shapes. This brittle high- 
carbon rerolled rail stock serves excellently for fence 
posts, rails to support the springs of beds, and like 
uses where no cold forming, welding, or severe im- 
pact or repeated stress is involved. This cheap ma- 
terial is one for the designer to keep in mind. 

The amount of tensile ductility that can be actually 
utilized in ordinary service of metals has been much 
discussed. The opinions of various authorities cited® 
concur in such figures as 1 to 2 per cent elongation, 
and in modern studies of brittle behavior® in large 
steel sections it is found that something like 1 to 3 
per cent deformation is all that can be utilized. Per- 
manent deformation of 114 per cent in an airplane 
wing would destroy its aerodynamic efficiency.!° Sat- 
isfactory big guns have been made in the United 
States with tensile elongation, on radial specimens, 
as low as 5 per cent.'1 Commercial steel plates show- 
ing 30 per cent elongation, 65 per cent reduction of 
area, on longitudinal specimens frequently show but 
2 per cent elongation and 5 per cent reduction of 
area in the through-plate direction.!? 

The belief that ductility figures are direct and ac- 
curate gages of ability to be cold worked or of avoid- 
ance of shattering failure is without basis. The in- 
sistence in specifications upon high tensile ductility 
is seldom justified from the point of view of the de- 


156 


signer, who can allow his product to display bu 
tiny fraction of that permanent deformation. 


FACTORS IN SELECTION: Three important qu» 
tions crop up in the selection of materials and of fg} 
rication methods: How many duplicate pieces a 
we going to make? How long do we want them; 
last? How serious is an occasional failure? 

Quantity Production: If many thousand duplicatj 
pieces are to be made, the high cost of tooling my 
be justified for deep drawing, die casting, forgix 
powder metallurgy, or precision casting. The samy 
is true of equipment for centrifugal casting, of sei 
cially designed welding equipment or of special mi 
chine tools adapted to one job only. Moreover, ther 
should be a careful choice of a metal amenable to tx 
fabrication method to be used and, of course, suit 
able for the servicé conditions. 

The lower cost of quantity production is thorough 


ly recognized. If only a few pieces are to be makmper 


slow hand methods and relatively expensive met 
that happens to be in stock, perhaps of far highe 


. . . the greater the production .. . t 
more attention needs to be paid to th 
idiosyncrasies of metals . . . 


properties than the service really demands, may e: 
ily be the economic choice. The greater the produ 
tion will be, the more attention needs to be paid t 
the idiosyncrasies of metals. 

Life Expectancy: How long a structure, a ma 
chine, or a part is intended to last affects the choi 
also. How long it will last depends largely on tht 
type of use or abuse it gets in service. A rear axi@ 
gear is not designed to stand continuous overlo 
that would cause early fatigue failure but it mus 
stand, say, a few hundred such overloads in a pa 
senger car and many more in a heavy-duty truck 
The behavior of steel in high-temperature service © 
in applications involving corrosion or wear varie 
widely with the conditions under which it must servé 
Interior or exterior exposure and the nature of th 
atmosphere control the rate and type of corrosion. 

The life desired depends on the service. A bridgt 
is expected to last a lifetime, a watch or a steam tur 
bine for a power plant 20 years. But a tin can nee 
hold its contents only for a year or two. Its expecte 
shelf life is often short; it is thrown away after! 
single use. A rocket motor may need to operate but 
a few seconds, a locomotive engine for many yée4 

We expect, in many instances, to discard an ® 
ject for obsolescence just because a better or mom 
attractive object of its class has by that time bee! 
devised. It causes little more grief if the replat 
ment is necessary because the article has given 0 
What behavior we need varies with how “expend 
able” the object is. We do not design children’s to” 
as we do a diesel engine. 

When chemical corrosion occurs, it may be cheape 
to use relatively corrodible pipe, valve, or tank m 
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’ but @rial, let it corrode, and replace it from time to 
ime, rather than to use an incorrodible, far more 
quel pensive one. If the chemical is injured by the cor- 
of fygosion product, the situation changes and the incor- 
seg gagodible material may be the best and cheapest. 
hem qj In some services such as the power-plant turbine, 
e like an object to have the “‘one-hoss shay” char- 
plicgqmeteristics, with no need to shut down for replace- 
1g maygnent of any part. In others, such as a plow, we ex- 
orging ect the plow point to wear, and be replaced, and so 
> gangat is made detachable. The cost of interruption of 
of gegproduction in the down time for replacement fre- 
al magguently is as important a factor as the cost of the 
 thergmew part. 
to thy Seriousness of Failure: The seriousness of a fail- 
» guitgre is another factor. We cannot endure many fail- 
wes of aircraft engines or their parts in service, 
rough yhereas failure of an automobile spring is not so 
maygperious. A leak in a tank holding a flammable liquid 
mest gas is not nice to contemplate, whereas one in a 
highe eakettle is just a minor annoyance. 




















TESTS AND SPECIFICATIONS: The most certain test 
is that of service itself, but this may take a long 
ime, and there may be difficulty in getting accurate 
sports of service behavior unless the service is per- 
ormed under impartial engineering auspices. It has 
been said that “the best test specimen is an actual 
part loaded to simulate the state of stress encoun- 
ered in service, but to an aggravated degree if nec- 
essary.” Sometimes aggravation is not allowable, as 
y egmit testing for corrosion fatigue. 
roduc There are two distinct types of testing. In the 
aid t@urst, materials are tested by conventional methods 
which bear little or no relation to any specific use. 


to ul 










-..@ heavy penalty may be involved in 
laying down a << sommes that does not 
clude the vital factors or that includes 


nonvital ones... 


These tests merely imply suitability; they do not 
prove it. The second is simulated service testing, 
gimed to set up the exact conditions met in a specific 
type of service and to evaluate materials by their be- 
havior under just those conditions. Such tests go 
far to prove suitability. ‘Service,’ from this point 
of view, may refer to actual use of a finished part or 
ttmay also refer to behavior in fabrication. 

Purchase specifications and acceptance or rejection 
thereon of material can only be made straightforward 
ad devoid of ambiguity when they are based on 
testing methods that give quantitative values, so that 
j o question can arise as to whether a piece is in the 
80” or “no-go” classification. Dimensional tolerances 
mg no disputes; measurement gives the answer. 


t 
: be Appraisal of “quality” and suitability is seldom so 
a ‘lear-eut. When attempts are put forth to make it 


80 by incorporation of specified test values for ac- 
teptance, the specification maker has a difficult task, 
for he must include all the/ vital factors, and he 
. include no others, because meaningless tests 
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are nothing but useless expense for which the pur- 
chaser pays in the end. When the vendor meets all 
the purchase specifications, he has a right to pay- 
ment, even if the material was not the proper one. 
He may have to produce, to meet an ill-considered 
specification, material that he knows is not so well 
fitted for the purchaser’s use as the one he would 
supply were the order placed on the basis of suit- 
ability for service. 

A heavy penalty may be involved in laying down 
a specification that does not include the vital factors 
or that includes nonvital ones. The general specifi- 
cations for materials seldom go far in envisaging a 
specific use. Instead they give, in terms of conven- 
tional tests, a few attributes that pertain to that 
general type of material that has been processed in 
the usual fashion and applied to a variety of uses. 

Acceptance Testing: In order that all testing lab- 
oratories shall be able to report test values uninflu- 
enced by variations in the method of testing and 
truly representative of the particular specimen under 
test, precise directions for calibration of testing 
equipment, for specimen preparation and for testing 
procedure are laid down for the conventional tests. 
Such directions are given in the specifications of the 
American Society for Testing Materials and sum- 
marized in the Handbook of the American Society for 
Metals and in many textbooks. That a slight error 
due to an incorrect testing method may cause rejec- 
tion is apparent since the rules!* state that, if the 
specification minimum is 60,500 psi tensile strength, a 
result of 60,460 psi meets it but 60,450 does not. 

There is so natural and so widespread a tendency 
to appraise materials in terms of simply made, con- 
ventional tests that in the description of one (single- 
blow, notched-bar impact test) the ASTM!‘ finds it 
necessary to incorporate a warning that “the test 
cannot be generalized and applied quantitatively to 
other sizes of test specimens or other conditions... . 
Interpretation of the results must be based upon 
specific research into the correlation with service 
failures or upon the established limitations of the 
test.” 

This particular test, though quantitatively reported 
in foot-pounds for a given specimen, is not report- 
able in foot-pounds per square inch because of the 
size effect in different-sized specimens of identical 
structure. Twenty-five years ago, Jeffries and Arch- 
er!5 pointed out that “the results are not transferable 


. ». 0 one mechanical property but rather 

a set of mechanical and physical proper- 

ties are the criteria of suitability for al- 
most any service... 


from one form of notched bar to another.’”’ Yet Ger- 
man practice still erroneously reports notched-bar 
values in terms of kilograms per square centimeter. 

Need for Service Testing: That the conventional 
mechanical tests have limitations and that their in- 
terpretation is not always clear and simple is brought 
out by the following quotation:!® “In the selection 
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of new materials, devices or processes, all the known 
facts relating to the physical properties and work- 
ability of a proposed new material might be tabu- 
lated, studied and analyzed but, not until the experi- 
ence of working with that material has been gained, 
can the engineering department safely specify it. 
Not until new materials have been put to service test 
in the finished product can they be accepted with 
assurance.” 

The service test does not mean that, in order to 
study design and material for a particular part of a 
locomotive, the whole locomotive need be operated. 
Full-scale, simulated service testing of the different 
parts, properly planned, goes a long way toward re- 
vealing the facts. 

Conventional tests serve only for a preliminary 
classification of a new material, because the relation- 
ships between the measured properties and the impor- 
tant unmeasured ones are not known and, indeed, 
close relationships seldom exist. The ordinary tests 
serve merely to select a candidate for a more exten- 
sive study of its behavior in service. 

Cassidy'’ remarks, “It is high time that engineers 
consider the required characteristics of steels for a 
given application and stop relying upon nominal and 
arbitrary factors hallowed by long use.” 

In 1943 Herzig!’ said: “In the past a great deal of 
emphasis has been placed on physical tests which 
were faithfully performed because we knew so well 
how to perform them, rather than because those tests 
precisely described the fitness of material for service. 
The new viewpoint focuses attention on fundamental 
characteristics and not on tests whose relation to 
performance is obscure at best.” 

Recognition of Service Testing: The ASTM has 
added to its older activities relative to conventional 
tests of materials others on simulated service test- 
ing and held a symposium!® on testing of parts and 
assemblies. 

Discussing a case where accumulated experience is 
limited, Finch?® says: “The problem of determining 
operating stresses still awaits satisfactory solution. 


. . full-scale, simulated service testing 
anetein.<-* ncipsiapameces g the 


In the meantime, the turbojet designer, if he is to 
keep pace with the metallurgist, must of necessity 
acquire a knowledge of all the properties of the ma- 
terial, including behavior under vibration or stress or 
temperature variation, heat shock, notch sensitivity, 
corresion and erosion by hot gases, ductility, and sta- 
bility. The designer who looks on the endurance 
test (of the completed engine) as the real beginning 
of development will have the best chance of remain- 
ing on fairly solid ground.” 

As a result of the paucity of exact knowledge in 
the field ef jet engines, it has been commented that 
the parts are usually “overalloyed and underde- 
signed.” 
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LIMITATIONS SET By CONVENTIONAL TESTS: Rocket 


may need to function for only a few seconds. Bonner? 
points out that the design of a rocket chamber j 
based on yield strength since no appreciable relativg 
distortion of parts can be allowed for ballistic reg 
sons, and also because it is necessary, for safety’ 
sake, to apply a hydrostatic test to the chamber i 
fore filling. But the low yield strength of austenitic 
stainless steel in the conventional tension or the by. 
drostatic test rules out this otherwise promising ma. 
terial although its yield strength is notably highe 
at the strain rate actually imposed in service. But 
until a “hydrodynamic” proof test can be devised to 
replace the slowly applied hydraulic test, the designer 
cannot make use of the increase in yield and tensile 
strength displayed under actual service conditions, 


criterion. 


Thus, the exact service in view is the ultimate 


- +» purchase —, and acceptance 
ward sod devoid of sonblgaity when ty 
ward and devoid o when 
are based on testing methods that give 
quantitative values . 


Choice of metals and the fitting together 


of production methods and the metals suitable for 
those methods have always to meet this criterion. 


1. 


3. M. H. Young—‘‘Designing for Gas-Turbine Materials,’ 


. J. G. Wood and R. F. Sanders—‘‘Substitute Materials, 


. T. C. Dickson—‘‘Casting Guns Centrifugally,’’ 


. Z. Jeffries and R. S. Archer—The Science of Metals, Mc 


. G. F. Nordenholt—Editorial, 


. A. J. Herzig—‘‘New Steels Focus Attention on Fundamenta! Me 


. V. C. Finch—Jet Propu'sion: 


. L. G. Bonner—‘‘Metal Parts for Solid Propellant Rockets, 


REFERENCES 
“‘What is Value Analysis?’’ American Machinist, Vol. 93, July lt 
1949, Pages 106-112. 


. J. O. Almen—‘‘Probe Failures by Fatigue To Unmask Mechanical 


SAE Journal, Vol. 51, May, 1943, Pages 28-29. 


Causes,”’ 
’ Aeronautica 


Eng. Review, Vol. 8, May, 1949, Pages 39-40. 
”* Automotive 


and Aviation Industries, Feb., 1943, Pages 36-37. 


. A. G. Holms and J. E. Jenkins—‘‘Effect of Strength and Ductility 


on Burst Characteristics of Rotating Disks,’’ NACA Tech. Nott 


1667, July, 1948. 


. H. B. Saldin and P. G. DeHuff—‘‘Hot Spin Tests of Bladed Jet Br 


gine Rotors,’’ paper for Nov.-Dec., 1948 ASME meeting. 


. S. S. Manson—‘‘Direct Method of Design and Stress Analysis 0 


Rotating Disks With Temperature Gradient,’’ NACA Tech. Nott 


1957, Oct., 1949. 


. F. B. Seeley—‘‘Symposium on Significance of the Tension Test of 


Metals in Relation to Design,’’ Proc. ASTM, Vol. 40, 1940, Pagt 


501-609. 


. P. C. Jones and W. J. Worley—‘‘An Experimental Study of the I= 


fluence of Various Factors on the Mode of Fracture of Metals, 
Proc. ASTM, Vol. 48, 1948. 


. R. K. Koegler and A. Schmitt—‘‘Effect of Yielding and Perforation 


on a Wing Tension Surface,’’ Journal Aeronautical Sciences, Vol 


10, 1943, Pages 273-284. 
Trans. ASST, Vo 


18, 1930, Pages 233-237. 


. D. K. Bullens and Battelle Memorial Institute, Steel and Its Hes 


Treatment, John Wiley & Sons, 5th edition, Vol. 1, 1948, Page 118 


. ASTM Spec. E29-48T. 
. ASTM Spec. E23-41T. 


1946 ASTM Standards, Pt. 1A, ‘Ferro 


Materials,’’ Pages 1114-1127. 


Graw-Hil 
Book Co., New York, 1924. 
Product Eng., Vol. 19, May, 18 


Page 79. 


. P. R. Cassidy—Discusion of A. B. Wilder, ‘‘Physical Characteristics 


of Steel for Tubular Products,’’ Proc. ASTM, Vol. 47, 1947, Pas® 


596-614. 
ta! 


Properties,’’ Steel, Vol. 112, Jan. 4, 1943, Page 265. 


. Symposium on Testing of Parts and Assemblies, ASTM special pub 


1947. 
Turbojets, National Press, Millbrae 


Calif., 1948. 


Journs! 


American Rocket Soc., No. 76, Mar., 1949, Pages 9-15. 


MACHINE DEsIGN—May 19%) 








ocke 
nner? 
ber j 


elative 


ic rea 
afety’g 
er be: 
tenitie 
he hy 
ig Ma- 
highe 
But 
Sed to 
signer 
ensile 
ons, 
‘imate 


Dtance 
htfor- 


thy 
id 


uly 14 
hanical 
autical 
motive 


uctility 
_ Nott 


et Ep 


Design Factors for 


Stress Concentration 


Part 3—Fillets in Bending 


By R. E. Peterson 
Manager, Mechanics Dept. 
Research Laboratories 
Westinghouse Electric Corp. 
East Pittsburgh, Pa. 


ERMINOLOGY and general calculation meth- 

ods were given in Part 1 of this series, pub- 

lished in the February issue. Stress-concentra- 
tion factors given by the graphs on the following 
pages can be applied in the design for bending of fil- 
leted members such as those shown jin Fig. 12. The 
dimensioned example in Fig. 13 will be used to dem- 
onstrate one of the calculation procedures. 

Curves of Fig. 14 for a flat bar with shoulder fillet 
are based on the photoelastic tests of Leven and 
Hartman.! Figs. 15 and 16, for a shaft with shoulder 
fillet, are based on Fig. 14 and on the notched bar and 
shaft values plotted in Figs. 2, 3 and 4 of Part 1. 
Values for notched and filleted cases in two and three- 
dimensions have been related by the simple propor- 
tionality of K,—1 factors. Thus, 
Se) 


Eis; =li1+ ( Keroy ey 1) (- 
Ki2g — 1 


- Ey 


where subscripts 2 and 3 denote two and three-di- 
mensional cases and subscripts f and g, fillets and 
grooves. 

Factors given in Figs. 14, 15 and 16 apply when the 
large diameter, D, extends a relatively great distance 


ae heets appearing in this article together with additional design 
ta will appear in a forthcoming book to be published by John Wiley 
& Sons Inc., New York. 
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Fig. 12—Examples of filleted mem- ; 
bers. A crankshaft is shown at (a), ye 
turbine shaft at (6) | 


Fig. 13—Example used to show 
co 4 how factors of Fig. 17 for D/d=2 
can be extended to other D/d values 


from the shoulder. Frequently in design a member 
with a short shoulder length, L, is encountered, as in 
Fig. 17. Variation of K, with L/D for D/d values of 
3, 2 and 1.25 have been published.! Since these three 
ratios yield curve families of similar shape, only the 
one for D/d = 2 (Fig. 17) is shown. This can be 
adapted for other D/d values by use of the following 
formula: 

Kw -j ) 
Bis = 2 


Ki, = 1+ (KH; — 1) ( .. (2) 
where K;,; is the required factor, corrected for 
shoulder width; K; is the factor to be corrected from 
Figs. 14, 15 or 16 for long shoulder; K,, is the factor 


for L/D = 2 from Fig. 17; Ky, is the factor for de-: 


sired L/D from Fig. 17. As mentioned in the pre- 
ceding article of this series (March issue) this same 
method can be used in design for notched and grooved 
members. 

EXAMPLE: The outlined method can be used to es- 
timate the fatigue strength of the member shown in 
Fig. 13. Assume that the material is heat-treated 
steel with a tensile strength of 140,000 psi. If the 
endurance limit is known, it can be used in the cal- 
culations. If not, it can be estimated at half the ten- 
sile strength, or 70,000 psi. The following ratios are 
obtained: D/d = 1.10; r/d = 0.025; L/D = 0.136. 
From Fig. 16, K, = 2.07. From Fig. 17, K, = 2.12 
and K,, = 2.86. By substitution of these values in 
Equation 2, K,, = 1.65. To take account of notch 
sensitivity, obtain q from Fig. 5 (Part 1, February). 
For 1/32-inch radius, gq = 0.90. Substituting in the 
fatigue-notch factor equation (Part 1), K, = 1 + 
q(Ki,-—1) = 1.58. The estimated fatigue strength 
is S, = 70,000/1.58 = 44,000 psi. 

REFERENCE 
1. M. M. Leven and J. B. Hartman—‘‘Factors of Stress Concentration 


for Flat Bars and Shafts with Centrally Enlarged Section,’’ Proc. 
SESA, Vol. IX, No. 1, 1951. 
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Fig. 14—Stress-concentration factor, K,, for a flat bar with shoulder fillet in bend- 
ing. Curves represent values determined photoelastically by Leven and Hartman 
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Fig. 15—Stress-concentration factor, K,, for a shaft with shoulder fillet in 
bending. Curves are proportioned from Figs. 2 and 3, Part 1, and Fig. 14 
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Fig. 16—Combined stress-concentration and shear-energy factor, K,’, for a shaft with shoulder 
fillet in bending. Factor K;,’=mK, where m=factor for shear-energy theory of failure 
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DESIGN ABSTRACTS 


Development of a Large Aircraft 


. . . the Lockheed Constitution 


By W. M. Hawkins Jr. and R. L. Thoren 


URING the original design stud- 
ies of the Constitution, Fig. 1, 
it was immediately apparent that 
rapid developments in equipment, air- 
plane design, and power plant con- 
ception could easily obsolete the de- 
sign unless every effort was made to 
incorporate these improvements as the 
design progressed and to provide for 
later incorporation of new power 
plants if they became available. 
The original requirements for the 
Constitution resulted from the com- 
bined efforts of the United States 
Navy, Pan American Airways, Inc., 
and the Lockheed Corporation, Many 
hours were spent in the careful de- 
termination of basic design directives 
which resulted in the following out- 
line characteristics: (1) Four-engine 
safety in accessory and system com- 
ponents as well as in the basic power 
plants; (2) Full pressurization for 
cargo and passenger space for flight 
at 25,000 feet; (3) Maximum in-flight 
access to vital mechanical compon- 
ents and airplane systems to permit 
air repairs which would contribute 
to vastly improved regularity; (4) 
Full dependence on a flight engi- 
neer to relieve the pilots from tir- 
ing routine responsibilities and to 


make possible careful enroute 
trouble shooting to assist ground 
maintenance and permit rapid turn 
around; (5) Maximum utility of space 
to allow either passengers or cargo 
to be carried; (6) Flying character- 
istics which would be equal to or bet- 
ter than the best current transports, 
and stalling speed which would per- 
mit the use of average airports de- 
spite airplane size; (7) All-weather 
equipment, including complete wing 
and tail heat anti-icing; (8) Mainten- 
ance simplicity which would surpass 
that of any other four-engine trans- 
port; (9) Manufacturing simplicity 
which would insure a reasonable pro- 
duction price; (10) Design flexibility 
that would permit larger and more 
advanced power plants to be installed 
when they were available, 

GENERAL ARRANGEMENT: Many gen- 
eral airplane configuration ideas were 
studied, including buried engines, all- 
wing designs, pusher propellers, and 
tail-first canard arrangements. None 
of these ideas offered any substantial 
advantages and it was firmly con- 


Fig. 1—Lockheed’s new giant transport 

plane. The Constitution, with “coach” 

interior, will accommodate 206 passen- 
gers and their baggage 


cluded that only a conventional aij 
plane design would permit early é 
velopment and easy introduction int 
service. Since the size of the airplang 
was unconventional, this decision 
aided considerably in assuring both 
the Lockheed Company and the Bur 
eau of Aeronautics that the develo 
ment could be concluded successfully 
Some engineering data from the 
final design are as follows: 
We ND nw okacd' eeniecne:s 189 ft 
oe A ee 156 ft 
Total fuel tank capacity........ 9600 ga 
Design level flight speed..........260 mpi 
Take-off power 
and speed 3500 hp/2700 rpm 
Normal power and speed .2650 hp/2550 rpm 
Propeller diameter (4-blade)...16 ft. 8 in 
Design cruise altitude .......... 25,000 ft 
Empty weight 116,275 lb 


Maximum take-off 


gross weight ............... 184,000 lb 


Interior Arrangement: Though fe 
from unique, the most noteworthj 
feature of the Constitution fuselage 
is the double-bubble cross section 
The obvious reason for the two circle 
is, of course, their ability to cart) 
pressure economically; also, the loca 
tion of the floor provides a tensi0l 


jet 
Hiff 
an 
or 

Cc 
yen 
au 
e 

and 
tse 
pa 


tie for holding pressure loads at tha 


bubble intersections, Not so obvio 
is the space utility advantage of th 
two-circle type of fuselage. It pos 


sesses a space utility advantage thal 


far outweighs any minor complica 
tions resulting from the use of tw 
decks. Usable fuselage space is § 
per cent of the total volume wheres 
only 51.5 per cent of the volume } 
available for reasonable loading © 
a single-circle configuration. 

The actual volume capacity of th 


fuselage was such that much mong | 


payload could be carried from 4 volu 
metric standpoint than could be lifted 
by the available engine power. Tw 
would have seemed foolish except f0 
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e fact that complete flexibility could 
us be attained in selecting loads of 
arying density without completely 
onverting the airplane and removing 
assenger seats, A further reason for 
ecepting the obvious weight penalty 
n a large-volume fuselage was that 
olume would be available for the 
jigher payload capabilities of ad- 
anced power plants. 
The use of the Constitution fuse- 
age for all passenger commercial ar- 
angements leads to many unique 
al aiif$ossibilities. One-hundred sixty-eight 
rly de@hassengers may be carried in stand- 
on intdrd airline comfort and it has been 
irplan@etermined that 206 passengers can 
ecisiomfe carried in what is now called 
g botlioach type seating. In an entirely 
e Burthifferent arrangement, 52 passengers 
evelop#han be carried with full-size berths 
ssfullyMor 28 and stateroom facilities for 24. 
m thal Cargo handling is extremely con- 
enient in all passenger versions be- 
iso, eause of the large volume between 
156 t Bhe forward stair well and the wing, 
> mo (pnd the large space within the wing 
tself, This total volume, easily 
eached by large doors on each side 
pf the fuselage, is sufficient to carry 
10,640 pounds of baggage or cargo, 
ore than adequate even for a coach 
terior carrying 206 passengers with 






10 rpm 
0 rpm 

5 ip 
000 ft 
275 It 













w0 i 


oh fay 
vorthyg. Pounds of baggage each. 


selage 
ection 
circles 
calli As shown in Fig. 2, a complete 
> locagiwooden full-scale mock-up of the 
ensioffusellage was constructed, including 
at thd left-hand inner wing containing the 
bviougmain landing gear and nacelles. The 
of th@interior of this mock-up was used 
t pos@ivery extensively for developing the 
e tharrangement of all sections within 
iplicagRhe fuselage. Evacuation tests were 
yf tw on the mock-up and details of 
is 84fe emergency exits were revised so 
hereag@s to provide efficient egress from 
ime ile airplane whether it be on its 
ng omheels, fuselage belly, or in the ex- 
Teme condition of emergency water 

of thqflitching operation. 
mors Crew Arrangement: In accordance 
. volugvith recommendations of the Lock- 
-liftegPeed Company and Pan American 
. Thigways, the Bureau of Aeronautics 
pt for permitted an extremely complete in- 
‘stigation of the crew facilities 
Md arrangement in the airplane 
Mock-up program of the Constitution. 
In the early days of the conception 
these crew requirements, the ad- 
“fe of using a flight engineer 
“only beginning to be appreciated 
ithad already become apparent 
oe of the more important func- 
of this officer was the constant 
_ seat trouble shooting of the pcw- 
Plants and equipment systems. 
factor, coupled with the accéssi- 
7 Of almost all the system com- 










Extensive Mock-Up Studies 
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ponents in flight, further augmented 
by the addition of the complete pres- 
sure and air conditioning systems, im- 
mediately suggested the addition of 
the assistant flight engineer’s sta- 
tion. 

The navigator and radio stations as 
installed in the airplane were rela- 
tively conventional, being dictated pri- 
marily by the navigation equipment 
then available. A periscopic sextant 
was considered, but the development 
time appeared to be prohibitive, so a 
normal astrodome was installed with 
a safety harness for the navigator. 

The entire crew station was devel- 
oped through many careful hours of 
mock-up study and two major mock- 
up conferences attended by both mili- 
tary services and by Pan American 
personnel, Fig. 3 shows the actual 
flight engineer’s station. Motion stud- 
ies were attempted by experienced 
flight engineers and mechanics study- 
ing operational problems and rearrang- 
ing equipment so as to provide ut- 
most accessibility and smooth co-or- 
dination. 

POWER PLANT DEVELOPMENT: The 
design history of the Constitution 
power plant installation included 


some new concepts which were 
dropped due to the long development 
time required but which may be of 
interest. The first of these was the 
steam-driven engine supercharger. A 
complete design for this supercharger 
was well under way when an exhaust- 
driven centrifugal type was offered 
which promised to give satisfactory, 
though not comparable, results with- 
out requiring the great development 
time and expense. 

The turbo supercharger finally 
used was also a new concept in that 
its design did not contemplate super- 
charging any more than maximum 
permissible cruise power at 25,000 ft. 
This reduction in normal supercharg- 
ing capacity permitted the use of a 
smaller unit, smaller intercoolers, and 
smaller installed frontal area of the 
nacelle. The complete power egg, 
which was identical for all four lo- 
cations on the airplane, had a frontal 
area of only 27 sq ft. This compact- 
ness, which was believed to be an 
aerodynamic accomplishment, actu- 
ally became a detriment since the 
original estimated air flow require- 
ments for cooling the engines were 
eventually doubled and sufficient cool- 





Fig. 2—Fuselage mock-up used in development of interior arrangement 


Fig. 3—Actual flight engineer station which evolved from a detailed mock-up 























Fig. 4—Mock-up employed for development and checking of hydraulic system 





sitters or “eee: 








Fig. 5—Control system diagram showing use of maximum-length straight cable 


ing air exhaust area was difficult 
to achieve. 

Take-Off Power Problem: The orig- 
inal Pratt and Whitney -18 engines 
were rated at 3,000 hp per engine, 
but the installed horsepower available 
at Lockheed Air Terminal on a 90 
F day was only 2770 bhp. After 44 
flight hours, the engines were re- 
placed by -22 engines, which were 
rated at 3500 bhp for take-off with 
water injection and grade 115/145 fuel. 
On a 90 F day, however, the maximum 
take-off power was still only 2900 
bhp. The following changes were made 
to increase the power: (1) A ram 
scoop was installed which increased 
the take-off power available to 3095 
hp. With 0.5-in. Hg ram, it was in- 
creased further to 3170 bhp; (2) An 
exhaust system by-pass valve was 
installed to by-pass the turbo super- 
charger during take-off, which re- 
duced the back pressure to 5-7 in. Hg 
above ambient, resulting in a 60 to 


166 


90 bhp increase; (3) A combination 
of exhaust by-pass and ram scoop 
boosted the take-off to an average 
power of 3340 bhp at Lockheed Air 
Terminal (altitude 700 ft) on a 90 
F day. 

Cooling Problems: Apparently, due 
to lower pressure recovery ahead of 
the engine, considerably greater cool- 
ing air flow of the engine than pre- 
dicted, and exit losses higher than 
predicted, the cooling was far short 
of specification requirements. Num- 
erous changes were made and, finally, 
an acceptable power plant resulted. 
The major changes were as follows: 
(1) Exit area was increased 60 per 
cent by modifying supporting struc- 
ture for the cowl and eliminating 
exhaust collector and exhaust stack 
shrouds; (2) Cowl entrance area 
was increased considerably by cut- 
ting away the lower duct lip; 
(3) A special chute was provided 
to exhaust air from behind the two 


hottest cylinders with an appropriay 
clam shell at the chute exit. 

SYSTEMS DEVELOPMENT: Since th 
size and complexity of the Constity 
tion were unusual, and since the «. 
pense and risk of flight testing sua 
a large airplane with relatively wm. 
proved components were not reason. 
able, a complete systems development 
program was instituted to insure bk. 
fore flight that the major airplan 
operating units would function satis. 
factorily. This type of preflight sys. 
tem checkout, as illustrated by the 
mock-up in Fig. 4, had been pioneered 
in the development of the Lockheei 
Constellation and its value more tha 
affirmed. 

Electrical System: A load analysis 
of all the requirements that could 
simultaneously be placed on the ship's 
electrical system revealed an amazing 
power requirement—so much so that 
the total electrical potential available 
from the generating equipment on the 
airplane is in excess of that required 
by 20 average homes at peak load 


Constant Speed Drive a Problem 


The Air Force had already con: 
mitted itself to the use of a 208 volt, 
3-phase, 400 cycle a-c system on 4 
large airplane and it was felt to be 
advisable to follow along in the same 
pattern. The very heart of a success 
ful a-c electrical system is, of course, 
a constant speed device for driving 
the alternators. All units under de 
velopment were based upon the same 
general philosophy of a hydraulic 
pump and motor arrangement with 
either pump or motor flow being 
regulated so as to result in constant 
output speed throughout the entire 
engine speed range, Before the devel- 
opment and testing work on the con- 
stant speed drives had progressed 
very far, it became apparent that 
they were all in serious trouble and 
not behaving as predicted. Again it 
seemed possible that the problem 
could be solved but to be conservative, 
the Lockheed Company dug into the 
details of a possible retreat in the 
event that time did not permit a sat- 
isfactory solution to the constant 
speed problem. This foresight paid 
rich dividends later. 

The original concept of the elec 
trical system had to be com pletely 
changed prior to the first flight o 
the prototype because the constant 
speed drive and alternator had to 
be abandoned, The electrical syste™ 
was redesigned to make use of 120-7 
d-c generator system. One of these 
generators was installed on the pre 
totype to obtain service experienct 
When the second airplane was flow! 
it was equipped with the 120-v 4 
system. 

Control System: In establishing the 
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Driakl pasic flight control system to be used 
in the Constitution, two factors were 
given equal importance: safety and 
Stity. pilot’s control forces. Following the 
© eM successful experiences already estab- 
Such jished by Lockheed on the Constella- 
y UM tion and P-38, the basic philosophy 
4S0l-M@ of using hydraulic boost was again 
ment adopted. A single hydraulic system 
e b- Mi was obviously not the answer and, 
plane perhaps, multiple circumstances could 
satis- Bi develop which might cause two sys- 
SYS @ tems to fail simultaneously. Therefore 
' the three completely independent systems 
ered HB were selected. The location of pumps 
heel # on the engines was so arranged that 
than any two of the three systems could 

be completely inoperative, leaving 
lysis @ horizontal and either vertical or lat- 
ould # eral control for the pilot at all times. 
hip’s # As actually determined by flight test- 
zing @ ing, all four engines could be dead 
that # and sufficient power would be sup- 
lable # plied by one windmilling propeller to 
i the # provide suitable control for landing. 
lirel # One extremely important point in 
oad H connection with the success of a hy-: 

draulic booster system is the meas- 
m ured value of the control system fric- 
tion. The Lockheed boost system re- 
tains, as a basic part of the design 
philosophy, the normal pilot “feel’’. 
» te This is a true value arising out of 
the arrangement of linkages in the 





© the 











ame 
ess- 00St system which translates pilot 
seg forces into applied forces at the con- 
ying trol surface and, conversely, the air 


de- loads on the surfaces react directly 
to the control points in the cockpit. 
ulicy The ability of this reaction to take 
vithiy Place and permit surfaces to neutral- 
wz When no stick forces are applied 
is in direct proportion to the value of 


















aid 
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the control cable friction. 

The most obvious way to reduce 
cable friction forces is to use straight 
cable runs so that the friction pro- 
duced by changing direction around 
pulleys can be eliminated. The deep 
upper deck floor structure on the 
Constitution proved invaluable in 
this regard as shown in Fig. 5. 
Perfectly straight cable runs over 
extremely long distances are made 
possible by running the control cables 
through this structure. As shown 
on Fig. 5, the control system would 
appear to have been the governing 
criterion in the airplane configuration 
since no airplane component has been 
permitted to interfere with straight 
control cable paths. 


Three Hydraulic Systems Used 


HYDRAULIC SYSTEM: As _ already 
stated in connection with the descrip- 
tion of the flight control system, the 
Constitution hydraulic system is ac- 
tually three separate systems, A 
3,000-psi pressure is used throughout 
except for the brakes which operate 
through a pressure reducer. 

Since the power requirements un- 
der peak load conditions for controls, 
flaps, landing gear actuation, etc., 
were so high, the number of hydraulic 
pumps needed to do the job is very 
large. No large pumps were devel- 
oped and available to help alleviate 
this problem at the time so it was 
necessary to install three pumps on 
each engine, Had large capacity pumps 
been available, they could have helped 
reduce the number to perhaps eight 
instead of twelve. However, there are 
certain indirect advantages to hav- 
ing the smaller pumps since, like 
multiple engines, they provide an 
added degree of safety should one 
fail. 

A thirteenth pump is installed in 
the fuselage, powered by two elec- 
tric motors geared together. This ad- 
ditional source of power has multiple 
uses. While the airplane is parked 
or is being towed, it provides hydraul- 
ic pressure using the ship’s batteries 
or a ground cart for electrical en- 
ergy to permit operation of the brakes 





Fig. 6—Left—Main land- 
ing gear assembly 


Fig. 7 — Right — Wing 
flap mechanism mock-up 


and nose wheel steering. This elec- 
trically driven pump may also be 
used to check out the control system 
booster and flap system on the ground 
as part of an inspection or preflight 
check. 

All valves used throughout the hy- 
draulic system are electrically actu- 
ated and have a manual over-ride 
lever to permit hand operation in the 
event of electrical power failure. 
Electrical operation of valves has a 
big advantage from many aspects. 
It is obviously simple to route wiring 
from switches to valve actuators when 
compared to cable actuation. On such 
systems as the main and nose land- 
ing gears, the problem of sequencing 
door operation is much easier when 
precision switches can be used. The 
small electric motors used to operate 
the valves are 400 cycle a-c types and 
have no brushes; thus altitude prob- 
lems usually associated with electric 
motors having brushes are nonexist- 
ent. A standard motor gear box unit 
was developed and is used through- 
out on all types of valves, regardless 
of function, thus simplifying the 
spares problem. 


Extensive Tests Worthwhile 


The very extensive laboratory tests 
of the complete hydraulic system, in- 
cluding the surface control power 
boosters, landing gear, etc., Fig. 4, 
were demonstrated to be worth-while 
by the absence of hydraulic system 
problems during the flight test pro- 
gram. One failure that showed up in 
the flight test program that was not 
uncovered by the laboratory tests was 
fatigue failure of 24S-T lines having 
small bend radii, This was undoubted- 
ly due to the absence of vibration in 
the laboratory tests. 

Fuel System: The first problem to 
be faced in designing the fuel system 
in any airplane is the location of the 
fuel ‘tanks. Apart from a fuel tank 
arrangement consisting of one large 
tank with all engines feeding from 
it, the next simplest appeared to be 
one fuel tank for each engine. It is 


(Continued on Page 206) 
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reader. For additional information on these new developments, see Page 185 


Revolving Joint 1 


Rotherm Engineering Co. Inc., 4911 W. Irving Park 
Rd., Chicago 41, Ill. 
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Style: Two-way with syphon tube; self-contained 

Size: 1% to 5-in. pipe inclusive 

Service: Steam at pressures to 150 psi max and tem- 
peratures from —65 to 500 F. 

Design: Revolving element rotates on face of flat car- 
bon ring which also has opposite spherical face to 
correct for misalignment; gland sealed by spring- 
loaded Teflon wedge ring and piston ring; syphon 
pipe rotates in carbon bushing and is sealed with 
chevron packings 

Application: For piping connections to steam heated 
rolls, calenders, etc., where it is desired to have 
steam entry and condensate removal at same point. 
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Gearmotor 


Sterling Electric Motors Inc., Los Angeles, Calif. 


Designation: Slo-Speed 

Style: Totally enclosed, fan cooled gearmotor with mo- 
tor mounted disk brake; double reduction. 

Size: 2 to 15 hp 

Service: AGMA speeds from 30 to 280 rpm inclusive; 
atmospheres containing nonexplosive dust, vapors 
and other injurious foreign matter 

Design: Dual cooling system with internal and exter- 
nal fans for motor and housing cooling; labyrinth 
seals; life-time lubricated heavy-duty ball bearings; 
herringbone rotor; mounts in any position without 
modification; brake can be supplied for either stop- 
ping or holding 
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Flexible Shaft Assembly 3 


Kupfrian Mfg. Co., 534 Prospect Ave., Binghamton, 
| # 


Style: Power drive and remote control with variety 
of standard fittings to suit; casings—single flat wire 
with or without vinyl cover, 2 and 4-wire, squared- 
locked or fully interlocked, and braided types 

Size and Service: Right and lefthand (power end), 
clockwise or counterclockwise rotation; shaft di- 
ameters 0.130, 0.150 and 0.187 (power), 0.130, 0.150, 
0.187 and 0.250 (remote); max torque 0.5 through 
6 Ib-in. (power), 14% through 40 (remote) 

Design: Shaft core helically wrapped wires of galvan- 
ized high-carbon steel, bronze, Monel, or stainless 
steels; better strength and efficiency with high- 
carbon steel, nonmagnetic and corrosion-resistant 
properties with other metals; vinyl and fully inter- 
locked casing for water tightness and corrosion re- 
sistance, braided types for stretch resistance 

Application: For tachometer drives, television receiver 
controls, transmitter controls, misalignment connec- 
tions, etc., where it is desired to transmit power 
or actuating force without gears, joints, etc. 
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Fluid Pump 4 


Eco Engineering Co., 12 New York Ave., Newark, N. J. 


Style: Gear pump; ball bearing pulley or sprocket 
drive; reversible 

Size: 4, %, %, and %-in. pipe ports 

Service: Liquids or viscous fluids from 1/10 to 19 
gpm at pressures to 150 psi; speeds from 300 to 
3400 rpm 

Design: Pump housings naval bronze forgings or stain- 
less steel precision castings; hydraulically balanced 
built-in by pass; adjustable base 

Application: For moving liquids or viscous fluids in 
systems such as for carbonators and air condition- 
ing, spraying, steam cleaning, home hot water, chem- 
ical handling, marine, etc. 
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Clearances 


IL CLEARANCE in sleeve- INTERNAL COMBUSTION ENGINE BEARINGS 
= bearings ‘is that differ- 





























> . he di Dia. of Crankshaft Oil Clearance between shaft Crankshaft 
ce in size between the ened Journal or Crankpin and bearing on diameter End Clearance 
inside diameter 
the shaft and the insid 2" to 234" 0015 + .001 004 to .006 
. of the bearing. This space accom- = ; 
. . "W “it 
odates the lubricant, permits the 2té"' to 32 .0025 | __ .006 to .008 
formation of a protective oil film 335" to 334" .003 .008 to .010 
preventing metal-to-metal contact 31%" 0035 008 to .010 
when in operation and allows for —}- 
. . i -004 -008 to .010 
expansion due to heat. Bearing per- 











formance, bearing life and machine *This data computed on the use of white or babbitt metals. 

operation are all greatly affected by 

oil clearances determined through 

correct dimensions of shaft and tions. This applies to units in which Ry industrial applications 


bearing. a force feed, pressure lubrication can be governed by general 

It is quite impossible to set hard system is used. The vertical clear- clearance ‘practice—as listed below. 
and fast rules for all applications. ance is generally maintained to low We have found, through more than 
Somany factors go into the success- limits whereas higher clearance is 40 years exclusive bearing manufac- 
ful operation of bearings that each maintained at split line, accom- turing experience, that the majority 
should be given individual study plished by eccentric bore or reliefs of applications can be so classified. 
and clearance data decided from the at parting line. For splash lubri- The tolerance range, as shown by 


findings. However, certain general cated bearings, where the engine the chart, provides ample room for 
standards can be used as a guide speed is less than 2000 R. P. M., the formation of a protective lubri- 


towards correct oil clearances. the minimum oil clearance will be cating film. In certain specific ap- 

The above chart lists the average somewhat larger, varying from plications, such as some types of 
oil clearances most widely used for .0002 to .0006 per inch of shaft machine tools engaged in producing 
internal combustion engine applica- diameter. very precise parts, clearances must 


be held to very close limits. 
There is one sure way of remov- 
ing doubt concerning tolerances and 








BEARING CLEARANCES IN INDUSTRIAL APPLICATIONS oil clearances. Call in a Johnson 
- Running Clearance, Thousandths Bronze Engineer. We one interested 
CLASS OF BEARING of an inch, for shaft dia. under in giving you bearings that will suit 
“ -) es Tae) a I your applications—bearings that 
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Precision Spindle P Hardened & | .00025 | .00075| .0015 | .0025 | .0035 with Golvar qmatet geebermanan | 
ecision Spindle Practice—Hardene x i. fa = id . . 
vound spindle lapped into the bronze bush- | to to | to | to | to and longer bearing life.» Our ovens 

ing. Below 500 ft./Min. & 500#/Sq. In. | .0075 | 0015. | .0025 | .0035 | .005 are trained in all phases of bearing | 
ee — -_ 









































| 
Precision spindle practice—Hardened & | .0005 | .001 | 002 | .003 | .0045 practice. We offer their services to 
a spindle lapped into bronze bushing. to to | to | to | to bearing users without obligation of 
Above 500 ft./Min. & 500#/Sq. in. .001 i 002 | .003 | .0045 | .0065 any kind. 

Electric Motor & Generator Practice— | .0005 | .001 -0015 | .002 .003 , . ; . 
Ground Journal in broached or reamed eo | & Ss. | es ee Wah Geosing, date sheet & Set one “ ie rion 
‘onze bushing or reamed Babbitt bushing | .0015 | .002 | .0035 | .004 | .006 You can get the complete sot by writing to— 
General Machine Practice (Continuous ro- | 

‘ating motion)—Turned steel or cold rolled | .002 | .0025 | .003 | .004 | .005 

me pernale in bored & reamed bronze or to to to to to 

ed & reamed babbitt bushings 5 004 0045 | | .005 .007 | -008 

General Machine Practice (Oscillating Mo- | .0025 | .0025 | .003 .004 | .005 

on}—Journal & Bearing material as above to to | to to | to 

— -0045 | .0045 -005 -007 -008 

wget, Machine Practice—Turned steel or | .003 | .005 | .008 011 | .014 Cer A ee Te oe ; 

‘Tolled steel Journals in Poured babbitt fo: i: & to | to to 
— : 1 006 | .009 | .012 | .016 | .020 SLEEVE BEARING HEADQUARTERS 
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Screw Pump 5 


Sier-Bath Gear & Pump Co., 9252 Hudson Blwd., N. 
Bergen, N. J. 
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Style: External gear and bearing bracket type, ver- 
tical or horizontal 

Size: 1 to 700 gpm 

Service: Positive displacement of nonlubricating liq- 
uids of all viscosities; speeds to 1800 rpm direct- 
connected; discharge pressures to 1000 psi 

Design: Single-point supported—external gear and 
bearing housing attached only to pump body; rotors 
controlled axially by ball bearings, and radially by 
precision timing gears and roller bearings; all parts 
positioned automatically by shoulders and locknuts; 
available with corrosion-resistant alloy parts, steam 
jacketed bodies, special stuffing boxes and bearings 
for high-temperature use, hopper type bodies for 
high viscosities ; 

Application: For moving nonlubricating fluids and 
semifluids such as water, distillates, hot oils, cellu- 
losics, etc., in petroleum marine, processing and 
power installations. 
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Miniature D-C Relay 6 


Struthers-Dunn Inc., 150 N. 13 St., Philadelphia 7, Pa. 


Designation: Frame 220; Type 
A (high temp), Type B (nor- 
mal temp) 

Style: Multipole (2, 3, 4, and 6) double-throw; hermeti- 
cally sealed; end studs or mounting feet 

Size: Can 1%-in. diameter x 1% in. long, 3 oz; 8-32 
studs (2) 

Service: Air Force Spec MIL-R-5757; operating time 
0.005 seconds; contacts nominally rated 2 amps, 28v 
d-c noninductive with 12 amp inrush; Type A temp 
range —65 to +200C, Type B —65 to +85C; rated 
voltage 26.5v d-c; will operate on continuous volt- 
age of 18 to 32v, withstands rapid fluctuations be- 
tween 10 and 38v; withstand 50 g shock or 10 g 
vibration; power consumption at rated voltage 2 
watts (max temp), 3 to 5 watts (room temp), 1 
watt at min operating 18v; insulation resistance 100 
megohms dry; breakdown 1250v 60-cycle a-c 

Design: Palladium contacts break-before-make type, 
normally closed contacts open before normally open 
close; rotating solenoid type magnetic structure and 
balanced moving parts eliminate contact bounce or 
false operation; hermetic seal insensitive to humid- 
ity and altitude changes 

Application: Aircraft—Type A for guided missiles and 
pilotless craft, Type B for conventional craft; gen- 
eral—for electrical circuits where shock, vibration, 
temperature extremes, moisture, or corrosive atmos- 
pheres are encountered. 
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Explosionproof Motor 7 
Westinghouse Electric Corp., Box 2099, Pittsburgh 30, 
Pa. 


Designation: Life-Line 

Style: Explosionproof; nonventilated or fan-cooled; 
series, shunt or compound-wound 

Size: 4% to 20 hp; frames 203-365 

Service: 850 to 3500 rpm; temperature rise limit 55C; 
230, 250, 500, and 550 v d-c 

Design: In accord U. S. Bureau of Mines; all-steel 
construction, one-piece rolled-steel frames; prelubri- 
cated double-sealed ball bearings, field and armature 
windings impregnated in thermoset varnish for mois- 
ture resistance; power cable brought out through 
packing glands; rotating flame seals at each bear- 
ing, long rabbet fit between frame and brackets, 
screw type brass access cover 

Application: For machine drives where motor must be 
able to withstand possible internal explosions or 
must not ignite an explosive mixture in the sur- 
rounding area. 
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Mechanical Load Brake 
Downs Crane & Hoist Co., Los Angeles 37, Calif. 


~OuT PuT SuarT raw 
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RATCHET WHEEL 
“PINION GEAR 


—Gtan 
WELK 


ADJUSTING NUT 
“INPUT SHAFT 


Style: Two disk Weston type, automatic 
Size: Five sizes from 16% h x 28% d x 21%\%-in. wide 
(including 3%-in. input and 4-in. output shaft ex- 
tensions) to 28% h x 37 d x 32%-in. wide (includ- 
ing 4-in. input and 6-in. output); respective weights 
340 Ib to 1420 lb 
Service: Standard gear reduction 5:1; rotation in 
either direction 
Input 
Drive Motor (max hp) Torque Capacity 
1200 rpm 900 rpm 720 rpm 600 rpm =" 
1200 
2000 
3000 
3531 5000 
Design: Built into second (low-speed) shaft of ‘single, 
double or triple reduction units; pawls contact ratch- 
et wheel to prevent load running; motor exerts pres- 
sure on helix to open brake while lowering—if mo- 
tor stops, load exerts axial thrust which clamps 
friction disks on ratchet to stop rotation; opening 
and closing of brake in direct proportion between 
load and motor speed; pawls lifted clear of wheel 
for raising loads; starting torque 300% normal run- 
ning torque; brake housing oil tight, unit in oil bath 
Application: For automatic positive control of the 
lowering speed of cranes, etc. 
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figures 2, 3 and 4. 


Overhead belts and counter- 
" shafts, with their multiplicity of 
hazard, operating and mainte- 
nance problems, are replaced with 
acompact, streamlined transmis- 
sion unit in the Johnson and Bas- 

sett HYDROLINE DRIVE Mule. 
, And one result has been a 10 to 
20 per cent increase in production. 
The transmission includes a 
Twin Disc Hydraulic Coupling 
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On Johnson and Bassett’s 360-spindle mule, largest manu- 
factured in the United States, streamlined power is achieved 
in the Hydroline Drive by replacing overhead belts and 
countershafts with a Twin Disc Hydraulic Coupling, figure 1, 
and three Twin Disc Model MTS Machine Tool Clutches, 


and three Twin Disc Machine 
Tool Clutches. The fluid coupling 
assures smooth, shock-free start- 
ing, permits the motor to come 
up to working torque fast to main- 
tain uniform spindle speeds. 

With no belts to slip, no adjust- 
ments to make for extended pe- 
riods, the whole operation is 
cleaner, safer. And smooth power 


assures higher quality yarns, from 


\ 


the coarsest to the finest. 

Why not investigate Twin Disc 
Hydraulic Couplings with their 
smooth power-flow performance. 
Investigate, too, Twin Disc Ma- 
chine Tool Clutches with instant 
release and high torque capacity 
in the most compact space. It will 
pay you to obtain complete in- 
formation. Write today for en- 
gineering bulletins. 





Clutches & Hydraulic Drives Ag a( Dise 


COC HKLKGCOCWDEBAGE 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin + HYDRAULIC DIVISION, Rockford, Illinois 


SRANCHES: CLEVELAND + DALLAS + DETROIT + LOS ANGELES »- NEWARK + NEW ORLEANS + SEATTLE + TULSA 
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Fluid Pressure Pump 9 


Warren Steam Pump Co. Inc., Warren, Mass. 


Designation: Streamflow Rotex 

Style: Rotary gear type, positive displacement; bear- 
ing-and-gear in head (lubricating fluids), external 
bearing-and-gear (nonlubricating fluids); bedplate, 
pedestal or bracket mounted 

Size: Suction and discharge ports from 1 to 8 in. 

Service: Liquids and viscous fluids; capacity to 1000 
gpm, pressures to 250 psi; max fluid viscosity 
100,000 SSU. 

Design: Herringbone pumping rotors are prevented 
from contacting by thrust bearings and timing gears 
mounted on drive shaft; deep stuffing box accom- 
modates 6 to 8 packing rings; jacketed bodies for 
operating temperature extremes; bodies close-grained 
cast iron, driving gears steel or Meehanite, shafts 
heat-treated alloy steel, glands bronze 

Application: For circulation of moderate viscosity 
fluids at medium pressures. 
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Spur Gears 10 


Boston Gear Works, 64 Hayward St., Quincy 71, Mass. 


Style: Plain (steel); plain, web and spoke (cast iron) 


Size and Service: Hole sizes listed increase at %-in. 
increments through range indicated 


Pitch Hole Face 
Pitch Diameter Diameter HP and Load Width 
(in.) (in.) (1200 rpm, 25 teeth) (in.) 
5....2.4 to 4.0 (steel) 1% 16.5 452 2% 
4.8 to 36 (cast iron) 1% to1% 
6....2.0 to 3.5 (steel) 1 
4.0 to 24 (cast iron) 1% to 1% 
8....1.5 to 3.5 (steel) % to % 6.13 169 
4.0 to 24 (cast iron) 1to1% 
10... .1.2 to 2.8 (steel) % to % 4.13 113 
3 to 20 (cast iron) % to1\% 
12.... 1to 2.5 (steel) % to 4% 2.75 75 1 
3 to 20 (cast iron) % tol 


Design: Involute profile; 20-degree pressure angle, as 
compared to 14%, permits wider tooth base, stronger 
tooth, longer contact surface, minimized undercut, 
increased hp/lb, and reduced weight and size; will 
not operate with 1414-degree gears. 


11.0 301 
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Automatic Air Filter 


Wilkerson Valve Inc., Denver, Colo. 


“Orr” CYCLE 


Style: Diaphragm type; combination separator and 
automatic drain 

Size and Service: Compressed air filtering for inter- 
mittent flow systems; pressure drops 25 psi at 38 
cfm 100 psi (Model 1002), 28 psi at 100 cfm 100 psi 
(Model 1051), and 30 psi at 135 cfm 100 psi (Model 
1052) 


Model Pipe Size Air Capacity Air Pressure Dia. x Height 
(in.) (cfm, 100 psi) (psi) (in.) 

15 to 200 4% xX 7% 

15 to 250 6 3/16 xk 8% 

15 to 250 7% X 11% 


1002 % 1 to 28 
1061 % 1 to 62 
1052 % 1 to 94 


Design: Installed downstream from pressure regulator 
or manifold controls; when air is off, diaphragm is 
forced down by backpressure and O-ring on center 
shaft seals bottom sump—return of. air pressure 
raises diaphragm and shaft, compressed air forces 
contaminants from sump 

Application: For stationary or moving equipment em- 
ploying pneumatic power systems, portable air tools, 
etc. 
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Subminiature Capacitors 
Sprague Electric Co., North Adams, Mass. 


Designation: 78P, 81P, 86P, 178P, 181P and 186P (one 
end grounded); 88P, 91P, 96P, 188P, 191P and 196P 
(both ends insulated) 

Style: Metal-encased paper capacitors, hermetically 
sealed; tiny threaded-neck, side stud, end stud, vert- 
cal bracket mount, or horizontal bracket mount 

Size: Capacity, 0.001 to 1.0 mfd; can diameters 0.195- 
in. and under, 0.235 to 0.312-in., and 0.400-in. and 
over; leads AWG 24, 22 and 20 respectively except 
thin thread neck 0.900-in. which takes AWG 22: 
lead lengths 15%-in.; studs No. 6-32, %-in. long 

Service: —40 C to +85 C temp, 100 to 400 v (78P, 
88P, 178P, 188P); —55 C to +85 C, 100 to 1000 v 
(81P, 91P, 181P, 191P); —55 C to +125 C, 100 to 
1000 v (86P, 96P, 186P, 196P) 

Design: Inserted tab, wax impregnated (78P, 88P); '"- 
serted tab vitamin Q impregnated (81P, 91P, 86, 
96P); extended foil, wax impregnated (178P, 188P); 
extended foil, vitamin Q impregnated (181P, 191P, 
186P, 196P). Capacitance tolerance +5, +10, and 
+20% 

Application: Specially suited for circuits where vibra- 
tion and shock problems are encountered. 
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automatic lubrication 


reduces maintenance, increases machine output 





When you design Alemite Accumeter Automatic Alemite Accumeter Systems meter oil or grease to 
Lubrication into your machines, you end the need bearings with a degree of accuracy never before 
to shut down for lubrication . . . thus adding many achieved. In fact, even after 73,312 lubrication 
hours of profitable production time! An Accumeter cycles, equal to 122 years of twice-a-day service... 
System is made up of a lubricant pump, a distribu- tests show no variation in the amount of lubricant 
tion system of tubing, and force-feed valves for discharged! What’s more, lubrication is either fully 
individual bearings. From one central point, it auto- hydraulic or continuous between cycles, thanks to 
matically lubricates all the bearings on a machine Alemite’s exclusive “accumulating” feature that 
... while the machine continues to produce. Elimi- prolongs the discharge of lubricant to bearings! 


nates the risks of lubrication errors or neglect by 
your customers! Soon pays for itself in increased 


| 
production . . . man hours, lubricants and repair Aatterfetaad | 
ca im] ALEMITE 





G. U. S. PAT. OFF. 





ee = 1850 Diversey Parkway, Chicago 14, Illinois — 











there cre three different 
Alemite Accumeter Auto- 
matic Lubrication Systems, 
‘cover your full range of 
requirements. Versatile in 
application, they are adapt- 
able to practically any ma- 
thine. Write now for free 
bulletin giving full data. 
Alemite, Dept. R-51, 1850 
Diversey Pkwy., Chicago 
14, Hinois, MIDGET OIL VALVES ONE-BEARING VALVES TWO-BEARING VALVES 


Fixed output metering valves for Oil or grease metering valveswith Adjustable output metering valves 
single line system serving up to fixed or adjustable output,for ivr oil or grease. Each serves 2 
20@ small bearings. Especially single line system. Valves for any bearings. System handles up to 
suited to precision machines, and bearing capacity. Single system 600 bearings. Manual or automatic 
wherever space is limited. serves up to 400 bearings. operation. 
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Circulating Pump 13 


Taco Heaters Inc., 137 South St., Providence 3, R. 1. 


Pet Sek 


Style: Enclosed impeller with double inlet; direct con- 
nected to motor 
Size and Service: Inlet flanges 3-in., four-bolt fastening 


Model Motor Capacity 
(hp) (gpm) 
5-ft head 


HC 34 1/3 120 

HC 36 % 144 

HC 38 % 167 

Design: Synthetic rubber drive coupling to isolate mo- 
tor from impeller; hardened and superfinished stain- 
less-steel impeller shaft; self-lubricating porous 
bronze shaft bearing; carbon and stainless steel 
spring-loaded mechanical seals; installed in six po- 
sitions 


Application: For forced circulation of water through 
systems for heating, dishwashing, etc. 
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Hydraulic Filter 14 


Dollinger Corp., 11 Centre Park, Rochester 3, N. Y. 


Designation: Staynew 

Style: Radial fin insert . 

Size and Service: Hydraulic and coolant fluids; ca- 
pacities listed are based on clean 100 SSU oil at 100 
F with 100 mesh media 


Filter 
Model Pipe Size Area Capacity Unit Size Weight 
(in.) (sq ft) (gpm) (height x dia., in) (Ib) 

HE-1 x 4% 2% 

HE-2 ; 5% X 4% 3 

HE-3 % XxX 6% 4 

HE-5 } X 6% 6 

HE-7 ’ % X 7% 7 

HE-10 . ‘ % XxX 12% 15 

HE-15 ? 6 xX 12% 18 

HE-20 Q . 72 14% X 12% 20 

Design: Radial fin insert fine mesh sheet (A) with 
coarse screen backing (B) in accordion folds; insert 
stainless steel, monel, bronze, inconel, brass, gal- 
vanized steel, aluminum, or fabric; upper end plate 
(F), perforated supporting tube (C) and threaded 
outlet sleeve (E) welded as one unit; bottom end 
plate (G) fastens to screw on supporting tube and 
is element removed for replacing filter; large filter 
area for reduced backpressure and extended period 
of operation; thick felt gaskets (D) 

Application: For hydraulic power or coolant circuits 
where dirty fluids are collected and recirculated— 
lathes, mills, plastic molding machines, conveyers, 
hydraulic presses, etc. 
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Revolving Joint 
Barco Mfg. Co., Chicago, Ill. 


Designation: Type IBR 

Style: Single-flow or two-way flow with syphon tube; 
straight or angle connections 

Size: Standard % to 2-in. pipe; others special 

Service: Hydraulic fluids 200 psi 750 rpm max, steam 
150 psi 500 rpm max, and vacuum; temperatures 
to 450F, depending on packing specified 

Design: High-temperature or cold service packing— 
self-adjusting chevron packing spring-loaded; ro- 
tating heat-treated steel nipple screws to drum hub; 
nonrotating element ball bearing mounted on tube, 
bearings take radial and axial thrust; sleeve pilot 
bearing at end of rotating: tube insures. against 
twisting or cocking; joints can be serviced without 
removal 

Application: For making piping connections to drum 
type dryers, rolls, calenders, and other rotating 
equipment; syphon model for removal of condensate. 
gases, etc. at point where fluid enters. 
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Mercury Clutch Coupling 16 


Mercury Clutch Div., Automatic Steel Products Inc., 
Canton 6, O. 


Designation: Series E 
Style: Centrifugal 
Size and Service: 

Synchronous 


Horsepower Speed Shaft Diameter 
(hp) % (rpm) x 


%, % 1200 
1200, 1500 % 
1, 1, 1%, 1%, 1%, 1% 


%, 1 
1%, 2, 3, 5, 7%, 10 1200 
1%, 2, 3,5, 7%, 10,15  1500,1800 %, 1, 1, 1%, 1%, 1%, 1% 


: Mercury in rubber envelope actuates clutch 
shoes at predetermined centrifugal force; one hub 
bored to receive motor drive shaft, other has keyed 
shaft extension for connection to driven load, flexible 
coupling, etc. 

Application: For providing controlled engagement at 
predetermined speed between electric motor drives 
and driven units. 
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SPECIFY 


PROTECTIVE COATINGS 


Made With 


DOW CORNING SILICONES 


for maximum weather resistance, excellent gloss 
and color retention plus stability at 500°F. to 1000°F. 


WRITE FOR CIST OF SUPPLIERS 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


ATLANTA » CHICAGO » CLEVELAND + DALLAS + LOS ANGELES + NEW YORK * WASHINGTON, B.C. 








AND MATERIALS 


industrial Caster 17 


Aerol Co. Inc., 2820 Ontario St., Burbank, Calif. 


Style: Swivel, solid treaded wheel 

Size: Accommodates 814-in. wheel; 1%4-in. kingpin 

Service: Load rating, 2000 Ib 

Design: Chrome molybdenum steel kingpin; cast prime 
aluminum alloy frame; patented Aerol seal isolates 
axle and bearings from foreign matter (including 
steam) and seals in special lubricant (Lubriko 
Master M-21); Timken or Bower roller bearings: 
wheel withstands thrust loads of 40-60,000 Ib 

Application: For heavy-duty mobile materials hand- 
ling equipment. 


For more data circle MD 17, Page 185 


Hydraulic Control Valve 
Parker Appliance Co., Cleveland, O. 


Style: Open center, single spool, 3-way 

Size: Cylinder and pressure ports 4, % or %-in. in- 
ternal pipe thread, return port %-in. 

Service: Hydraulic fluids to 2000 psi max; 14 gpm, 
max; pressure drop through open center 10.25 psi 
at 14 gpm. 

Design: Pressureproof castings, hardened steel moving 
parts; standard lip type seals; externally adjustable. 
built-in, balanced relief valve; raise, lower and 
locked holding position standard, float position spe- 
cial 

Application: For hydraulic circuit pressure control on 
heavy-duty farm implements, construction and ma- 
terials handling machinery. 
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Hermetically Sealed Connectors 19 


Cannon Electric Development Co., 3209 Humboldt St., 
Los Angeles 31, Calif. 


Designation: Type RSO6 

Style: Plug-in barrel shell with or without coupling 
nut, flange or mounting holes 

Sizes: Shell dimensions similar to mating portion of 
standard AN3106 

Service: 120 v 10 amp (up to 12 No. 16 and 2 No. 12 
contacts), 28 v 10 amp (up to 14 No. 16 contacts) 
and 28 v 3 amp relays (to 14 No. 16 contacts); con- 
tacts larger than No. 8 cannot be furnished because 
of required soldering heat 

Design: Internal plug conforms to AND 10459 spec 
classification D; polychloroprene rubber insulators 
with resistance in excess 25,000 megohms at 25 C; 
coupling nuts diecast, rib design or dural with 
straight knurling .and natural finish; contacts AN 
type, brass, nonrotating in insert and nonremov- 
able; short solder pots decrease overall dimensions 
and facilitate assembly 

Application: For aircraft relays and other sealed com- 
ponents. 
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Tantalum Capacitors 
Fansteel Metallurgical Corp., North Chicago, I[il. 











Designation: Subminiature series 

Style: Electrolytic; polarized i 

Size: 33}-in. overall with 114-in. ledds, ¥-in. diameter: 
occupy 1/10-cu. in. space excluding connection leads 

Service: Capacity 30, 25, 20, 15, 10, 8, 5, 4, and 3.5 
mfd at 6, 8, 10, 15, 25, 30, 50, 60, and 75 v d-c re- 
spectively; operating temperatures to 185 F. 

Design: Porous tantalum anode assembly; fine silver 
cathode; installed in any position; leakage only 4 
few microamps; no shelf aging. 

Application: For industrial electronic circuits where 
stable characteristics are required and _ sizeable 
charge storage capacity is desired in limited space. 
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| NEW APPROACH IN AIRCRAFT TORQUE PRESSURE INSTRUMENTATION 


Provides complete freedom from the attacks of 
sand, dust, fungus, salt fog and humidity 


LOOK AT THESE EXCITING “FIRSTS”... In this Synchro Torque Pressure Transmitter one element 
e Hermetically sealed and helium protected pressure and measures the pressure and the other the ambient outside 
electrical elements. pressure. Together, these two Nispan elements measure 
Nispan “‘C’’ pressure elements eliminating bimetallic the applied pressure in a sealed case charged with an 
compensation. inert gas, and transmit an electrical signal through a 
Higher precision in remote transmission. glass-to-metal connector. 

Smaller and lighter in weight with tear-strip ease of 
disassembly. 

External adjustment through hermetic seal. 


Isolating link and pressure pick up for temperature 
extremes of —85 and +230 F. United States Gauge, Division of 


American Machine and Metals, Inc.., 


This refreshing solution to a difficult problem leads a 
whole flight of new direct-connected clamp-on pressure 
indicators for oil, fuel, manifold, and hydraulic pressures. 


Sellersville, Pa. 


USG USG USG USG 


Oil Pressure Gauge Fuel Pressure Gauge Manifold Hydraulic 
Pressure Gauge Pressure Gauge 


Lwildy Tiiges Cryineciti fw CMa WUNG « ViUiy 


PRODUCTS OF UNITED STATES GAUGE... Absolute Pressure Gauges « Aircraft Instruments * Air Volume Controls + Altitude Gauges * Boiler Gauges 
hemical Gauges « Mercury, Gas, and Vapor Dial Thermometers * Glass Tube and Industrial Thermometers * Flow Meters * Inspectors’ Test Gauges 
Precision Laboratory Tést Gauges * Marine, Ship and Air-Brake Gauges « Voltmeters « Ammeters * Welding Gauges 


OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC., AT SELLERSVILLE, PA.: GOTHAM INSTRUMENTS AND AUTOBAR SYSTEMS 
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AND MATERIALS 


Steel Casters 21 


Bond Foundry and Machine Co., Manheim, Pa. 


Designation: Model 40-A-MH (swiv- 
el), Model 41-A-MH (rigid). — 
Style: Semisteel, soft or hard rubber tread (oil-resist- 
ant if desired), and Celeron wheels 
Size: Diameters 5, 6, 8, 10-in. x 2%4-in. width; overall 
height 75%, 8%, 10%, and 12% in. respectively; 
weight 18%, 20%, 26144, and 30% Ib (swivel) 14%, 
16, 22%, and 26% lb (rigid); plate 7% x 5% in.; 
mounting %-in. bolts in 4 holes on 5% x 3%-in. 
centers 
Service: 
Wheel ———————Load Capacity (1b)————_—_—_——_ 
Diameter Semisteel or Vulcanized Rubber 
(in.) Celeron Soft Hara 
5 1800 390 780 
6 2300 450 900 
8 2300 560 1120 
10 2300 660 1320 
Design: Ball bearing surfaces of swivel caster hard- 
ened; Hyatt type wheel roller bearings with split 
outer raceways held parallel to axle with steel re- 
tainer; roller bearings revolve on hardened and 
ground steel sleeve held rigid in fork by steel axle 
bolt; pressure lubricating fittings. 
Application: For mobile heavy-duty material handling 
equipment. 
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Electronic Delay Timer 
G. C. Wilson & Co., Chatham, N. J. 


Style: Hermetically sealed; SPDT 

Size: Can 2+; x 2% x 3%-in. high 

Service: Time interval 0.1 to 10.0 seconds (factory pre- 
set), longer intervals special; 105-125 v, 360-1200 
cycles—60 cycle and d-c also available; power con- 
sumption % watt in standby, 4 watts operated 

Design: Balanced armature construction to resist shock 
and vibration; instantaneously recycling or with de- 
lay proportional to time between operations; re- 
quires no warmup; unaffected by line frequencies 
and voltage or temperature variations 

Application: For electric control circuits where fixed 
time delay is desired. 
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Miniature Motor 


John Oster Mfg. Co., Racine, Wis. 


Style: Totally enclosed, rabbet mount 
Size and Service: All motors continuous duty; models 
CH-306 and CU-306 3%3-in. long with #-in. shaft 
extension, models CU-318 4:4-in. with #§%-in. shaft 
extension; housing diameters all models 1}-in.; 
lead lengths 6 in.; standard 1%-in. diameter Air 
Corps rabbet; weight 1 1b; max temp rise 55C; rat- 

ings listed below based on 25C rise 
Full-Load Full-Load Voltage Winding 


Model HP Speed Current 
(rpm) (amp) 


CH-306 1/300-1/75 1500-7500 0.48-0.96 24v d-c shunt 
CU-306 1/150-1/75 3800-7500 0.64-0.95 24v d-c series 
CU-306 1/200-1/100 3800-7500 0.58-0.83 24v d-c split series 
CU-318 1/150-1/75 3800-7500 0.15-0.22 115v d-c series 
CU-318 1/190-1/90 3800-7500 0.15-0.22 115v d-c/a-c_ series 


Design: Aluminum housing; shielded ball bearings 
grease lubricated; insulated copper windings var- 
nish impregnated; highgrade metal-graphite brushes 
for low voltage, electrographite for high; brush tubes 
protected with threaded steel caps which screw to 
housing—caps also reduce radio interference. 
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Temperature Control 
Leeds & Northrup Co., Philadelphia 44, Pa. 


~ 


Style: Noncontact; water or air aspirator with thermo- 
couple; Micromax or Speedomax recording controller 

Size: Overall dimensions 13 h x 6% w x 7%-in. deep; 
measuring head 4%-in. diameter x 3-in. deep; meas- 
uring head positioned z:-in., + ¢-in., from roll sur- 
face; assembly clamps on 1%-in. rod 

Service: Recording and controlling temperatures of 
flat surfaces and rolls down to 9-in., roll diameters 
23 to 30-in. most suitable; temperatures to 400F; 
air pressure 5 psi, air consumption with 50 ft of 
% OD x -in. wall aspirator tubing, 3 to 5 cu ft 
per hour; water aspirator uses 5 gpm at 30 ps! 

Design: Minimum temp difference of —4F (at 400F) 
between roll and head; copper-constantan couple, 
suction tube and insulating block shrouded by stain- 
less steel shell; measuring head adjustable concen- 
tric with roll; protective bumper and lever trigg¢ red 
by foreign material on roll to retract measuring 
head, thereby avoiding roll or assembly damage 

Application: For controlling operating temperature of 
metal-roll calenders. dryers, etc., where contact be--) 
tween control and heated surface is net desired 
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AND MATERIALS 


Adjustable-Speed Drive 25 
U. 8. Electrical Motors Inc., 200 BE. Slauson Ave., Los 
Angeles 54, Calif. 


Designation: Varidrive 
Style: Totally enclosed motor with dual-belt trans- 
mission; upright case, foot mounted 


Size: 25 to 50 hp 

Service: Heavy-duty; speed range from 2 to 10,000 rpm, 
ratios 10:1 

Design: Variable-pitch pulley disks slide on 16-tooth 
involute splined section of motor shaft; handle move- 
ment transmits force through single-pivoted strut 
between control nut and driver disk housing, to con- 
trol pitch; calibrated springs of Autotaut compen- 
sator control tension of belts; reducing gears op- 
tional 

Application: For driving machines or equipment sub- 
jected to extraheavy-duty loads—high-speed gear- 
ing for aircraft test stands, rubber extruders and 
blending mills, ore crushers, large machine shop tools, 
and machines used in the lumber industry. 
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Cylinder Packing Assembly 26 


Hydraulic Accessories Co., 439 E. Fort St., Detroit 26, 
Mich. 
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Designation: Monopak 

Style: Self-contained rod packing cartridge; plain, 
shouldered with rod wiper and shouldered with wiper 
and integral snap ring 

Size: Rod diameters from % to 3%-in. 

Service: Air or hydraulic fluids; light-duty to 750 psi 
max, heavy duty to 2000 psi max. 

Design: Cartridge slides into bore, retained with snap 
ring; sealed to cylinder housing by O-ring in cart- 
ridge; bronze cartridge housing acts as rod sleeve 
bearing; Monopak metallic packings; Seal-Guard 
rod wiper 

Application: For sealing pneumatic and hydraulic 
cylinder rods where elimination of conventional 
stuffing boxes is desired for designing and servicing 
simplification. 


> 
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Synchronous Motor Timer 
General Control Co., Boston 34, Mass. 


Designation: Type SY Promatic 

Style: Totally enclosed, bracket mount; automatic re- 
set; solenoid operated 

Size: 4%, wide x 4% deep x 8 in. high, including ter- 
minal stripes; dial diameter 3% in. 

Service: All time periods between %-second to 24 
hours; 115 or 230v a-c. 

Design: Actuates 5 SPDT contacts independent of 
timer-control circuits; two solenoids—one operates 
clutch and timing mechanism, other actuates load 
contacts; molded rubber belt drive eliminates gears; 
cast housing, wrinkle finish 

Application: For control of timed machine functions. 
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Timing Disks 28 


Allegheny Plastics Inc., 425 Chestnut Rd., Sewickley, 
Pa. 


Style: Thin circular plastic sheet with printed dial 

Size: 8-in. diameter 

Service: Control disk for time control instruments, 
can be edge perforated to suit time cycle desired; 
graduation ranges to suit (56, 112, 168, 180, 224, 
etc., minutes); resists water, oil, grease, gaso:ne, 
alcohol, etc. . 

Design: “Satin” finish takes pencil markings which 
can be washed off; will not crimp; concentric timing 
track, close to edge, can be perforated without rais- 
ing burr which would interfere with controller op- 
eration 

Application: For time cycle controllers employe’ 2 
the processing of rubber, chemicals, plastics, paints, 
etc. 
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NEW PARTS 


Solderless Wire Connector 29 


Buchanan Electrical Products Corp., 
Hillside, N. J. 


+ 


Designation: pres-SURE-termend 

Style: Ring, spade and locking 
tongue 

Size: Nos. 6, 8 and 10 all styles and 
¥-in. (ring tongue only) 

Service: Single wire  solderless 
splice; wires accommodated— 
(No. 6) 16-8-6, (No. 8) 16-8-8, 
(No. 10) 16-8-10, and (%-in.) 
16-8-%4 

Design: One-piece copper construc- 
tion; applied to wire with 4-way 
pressure crimp by C-24 pres- 
SURE-tool 

Application: For termination of ma- 
chine wiring where low cost and 

production speed are desirable. 
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Hydraulic Valve 30 


Adel Div., General Metals Corp., 
10777 Van Owen St., Burbank, Calif. 





Style: Flow-control; manual 

Size: % and %-in. pipe ports 

Service: Hydraulic fluids to 1500 in- 
let psi max; 1, 2, 4, and 6 gpm 
(%-in.); 10, 15, 20, and 25 gpm 
(%-in.) 

Design: Pressure compensated for 
constant flow; adjustable from 
complete shutoff to max flow; 
max recommended outlet pressure 
equals inlet pressure minus 100 
PSi; 270-degree control lever ro- 
tation; no drain line required. 











(This valve was announced in the 
April issue with Adel listed in- 
tly as a General Motors in- 
of a General Metals division.) 


i 
‘ 
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ELECTRONIC AND 







COMMUNICATION RELAYS 






UNDREDS of thousands of R-B-M 

telephone type relays saw Govern- 
ment service in World War II. Now most 
of these relays are available in hermet- 
ically sealed enclosures designed to meet 
AN specifications. 

R-B-M hermetically sealed telephone 
type relays are available in contact forms 
up to aud including 4-pole, double throw, 
3 ampere, 28 Volts D. C. construction. 
Also 10 ampere rating up to and includ- 
ing 2-pole double throw at 28 Volts D.C. 
All relays available with approved AN 
plug connector, or with solder connections. 
Engineers! What is YOUR hermetically 
sealed relay requirement? R-B-M is developing 
new and smaller relays to meet Armed Services 
requirements. Perhaps one of these will solve 
your problems. Write giving complete relay 
specifications, application, quantity and AN 
specifications applying. Address Dept. B-5. 






Logansport, 


R-B-M DIV 
ESSEX WIRE CORP. 

























R-B-M Production and Engi- 
neering facilitiés in two plants, 
located in different states, (over 
a quarter million square feet), 
can assist you in the develop- 
ment and production of special 
electro-magnetic devices for 
Armed Services application. 









Indiana 


MANUAL AND MAGNETIC ELECTRIC CONTROLS 


—FOR AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 


, 






181 









ENGINEERING DEPARTMENT 


For additional information on this new equipment, see Page 185 


Strain Analyzer 31 
Electronic Tube Corp., 1200 #. Mermaid Lane, Phila- 
delphia 18, Pa. 


Designation: H-42A Strainalyzer 
Style: Self-contained, mobile; SR-4 
strain gage measuring element, cath- 
ode tube scope; Fairchild 246A re- 
cording camera 
Size: 30 wide x 33% deep x 60-in. high, 
. 381 lb, including camera; 5-in. scope 
Service: Observation and recording of four traces si- 
multaneously; magnifies strain 20,000 times; frequen- 
cy range 0 to 50,000 cps 0.5 db; linear sweep durations 
to 10 seconds for low frequency study—41/10 cps to 
10 ke; type A and C strain gages with 60 to 500- 
ohm resistances; unit power consumption 400 watts 
at 115v 60 cycle; camera power consumption 135 
watts at 115v 60-cycle 
Design: Bridge d-c excited from self-contained bat- 
teries which may be rep.aced by external heavy- 
duty type for long-term tests; cathode tube special 
four-gun design; high-gain d-c amplifiers, balance 
controls, and voltage and calibration controls for 
each of four gage bridge channels; calibration cir- 
cuits accurate within 1%; individual units may be 
removed for rack mounting 
Application: For stress studies of rockets, jet engines, 
aircraft, automotive equipment, drop hammers, 
presses, internal combustion engines, and all ro- 
tating and reciprocating mechanisms. 
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Hardness Tester 
A. H. Co., Brighton, Mich. 


Style: Self-contained, portable; hammer rebound type 

Size: 8% x 1% x %-in. 

Service: Steel and other materials hardness readings 
based on surface elasticity 

Design: Nonelastic carboloy-tipped hammer is dropped 
a set distance and rebounds to give reading on grad- 
uated scale; conversion to Rockwell or Brinell from 
charts furnished with tester 

Application: For quick, spot check of material hard- 
ness in laboratory or plant. 
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Photocopy Camera 
Haloid Co., Rochester 3, N. Y. 


Style: Self-contained electrostatic reproduction 

Size: 20 high x 16 wide x 31% in. deep; 44 lb 

Service: Multilith masters from material on opaque 
paper up to 8% x 13 in.; photo element of Xerog- 
raphic process (dry, direct positive, electrostatic re- 
production) which involves three units: camera, 
copier and fuser; total process time 3 minutes 

Design: Lens—extreme wide angle, 4% in. focal length 
fixed at f12.5; filter—yellow (app. K-2), filter fac- 
tor 3; lights—4 No. 1 photoflood, 1000 watts to- 
tal; timer—automatic reset, 0-60 seconds 

Application: For engineering departments where mul- 
tilith reproductions of charts, documents, standards, 
drawings and text are desired without the necessity 
of darkroom, plumbing, water, etc. 
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Leak Detector 


Distillation Products Industries, Div. Eastman Kodak 
Co., Rochester, N. Y. ' 


Style: Electronic; portable indicating unit cable-con- 
nected to sensing tube 

Size: Cabinet 10% wide x 7% high x 8-in. deep; tube 
5-in. long 1yy-in. diameter; tubulation 3-in. jong, 
Ye-in. OD. 

Service: Vacqum systems to one micron Hg; d-c 

Design: Current heats platinum anode of tube; tube 
fitted to system by stuffing box fitting; haioge? 
containing gas such as Freon directed at leak spots 
reacts with anode to increase ion emission; dials 
for reading ion current and leak rate and sensitivity 
adjustment Be 

Application: For detecting vacuum system leaks which 
are not evidenced by obvious signs. 
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. Plastics Surfacing 
33 General Electric Co., Chemical Dept. 
illustrated bulletin CDL-18 is entitled 
G-E Textolite Plastics Surfacing.’"” Shown 
in full color is new line of patterns which 
distinctive styling. section 
abuse resisting properties of this mate- 
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and other top surfaces. 
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DESIGN 


90. Copying Machines 

Charles Bruning Co.—8-page illustrated book- 
let A 1081 describes how BW Copyfiex and 
other copying machines can both simplify and 
speed up paper work in all departments of 
business and industry. 


91. Welding Alloys 

Eutectic Welding Alloys Corp.—4-page {llus- 
trated bulletin EU 77 presents collection of 
photomicrographs that show how use of low 
temperature welding alloys avoids distortion, 
stress, warpage and embrittlement in various 
types of weldments. 


92. Government Finishes 

Glidden Co.—4-page illustrated folder ‘‘For 
Quick Conversion to Defense Production’’ tells 
how company is prepared to assist manufac- 
turers who plan to or are converting to pro- 
duction of goods for armed services requiring 
government specification finishes. 


93. Laminated Plastic Varnishes 
Union Carbide & Carbon Corp., Bakelite Div. 


—42-page illustrated booklet ‘Laminated 
Plastics Made with Bakelite Phenolic Var- 
and types of laminated plastics rang- 


electrical properties 
in fabrication and 


FOR MORE 


EXECUTIVE S 


94. Piloted Type Couplings 

Falk Corp.—6-page illustrated bulletin 4115 
“Falk Steelfiex Couplings—Piloted Type’’ de- 
picts how couplings carry weight of extended 
shafts with no intermediate 
Grid groove design provides axial and torsional 
flexing action under light or heavy loads, 
parallel or angular misalignment and free-end 
a oe eee See Se & 


95. Thin Stainless Steel 

Armco Steel Corp.—4-page fllustrated bulle- 
tin P. O. 7250 ‘“‘Paper-Thin Stainless for Light 
Vital Parts’’ shows where stainless steel, 
0.010 to 0.001-in. thick, has been used and 
outlines advantages resulting from use. 


96. Rotary Switches 


Electro Switch Corp.—8-page {illustrated cata- 
log 1950-JR contains sectional, cutaway and 
exploded views of rotary multipole tap and 
ee switches. 
diagrams 
of switches with 1 to 30 sections, 


97, Precision Castings 

Alloy Precision Castings Co.—8-page illus- 
trated brochure shows step-by-step production 
of stainless steel aircraft parts by Mercast 
precision casting process. Description of book- 
ing dies and advantages of process is included. 
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98. Squirrel-Cage Motors 

Wagner Electric Corp.—4-page ilustrated 
bulletin MU-132 deals with type EP and JP 
polyphase squirrel-cage motors available in to- 
tally-enclosed fan-cooled cast iron construction 
for extra protection against corrosion. Type 
JP motors are explosionproof for Class 1 Group 
D hazardous locations. Both types are built in 
ratings from 2 to 250 hp with either normal] or 
high-torque charcteristics. 


99. Solenoid Safety Vaive 

Ross Operating Valve Co.—4-page illustrated 
bulletin 304 shows operating principle of new 
safety valve for industrial press and 
applications. This solenoid operated valve is 
designed for line pressures from 40 to 125 psi 
and operates whenever air or electric supply 


100, Synchronous Motor Controls 

Electric Machinery Mfg. Co.—8-page illus- 
trated bulletin 3100-PRD-204 contains design 
and application information on polarized-field 
frequency controls for synchronous motors. 
Standard interrupting capacity types are avail- 
able for 25 to 3000-hp motors operating on 
220 to 5000 v. 


101. Strain Gages 


Baldwin-Lima-Hamilton Corp.—2-page illus- 
trated bulletin No. 174 shows graphic per- 
formance and gives specifications for ten new 
type SR-4 resistance wire strain gages. They 
are only slightly affected by temperature varia- 
tions within certain ranges when bonded to 
steel or aluminum. 


102. Rubber Parts To Order 


Barr Rubber Products Co.—4-page illustrated 
folder details company facilities for producing 
molded, dipped, extruded and sponge rubber 
parts to specification. Wide variety of equip- 
ment, 30-year company experience and World 
War II record are discussed. 


103. Hydraulic Standards 


Miller Motor Co.—16-page illustrated ‘‘JIC 
Hydraulic Standards’’ is revised edition. Along 
with standards are sample circuit, glossary of 
terms, standard symbols, details of various 
types of piston and rod seals for different ap- 
plications, and explanation of how Miller hy- 
draulic cylinders meet revised JIC standards. 
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literature or detailed 
subjects circled at left to— 


104, Magnetic 

Eriez Mfg. Co.—2-page illustrated leaflet de- 
scribes three new mode] ATOMagnets for sep- 
arating tramp iron from materials in process. 
Extrapower, Ultrapower and Superpower mod- 
els, each in range of sizes, are made for use 
on wood or steel chutes, hoppers or tables. 
InstaHation data is included. 


105. Aluminum Stampinags 

Aluminum Goods Mfg. Co.—‘‘Present and 
Future’’ is title of book which covers facilities 
of this company that are available for defense 
work. Equipment and engineering services of- 
fered to prime contractors for supplying vol- 
ume quantities of small and medium size alu- 
minum stampings are described. 


106. Inert Arc Welding 

Metal & Thermit Corp.—8-page illustrated 
bulletin ‘‘Inert Arc Welding’ explains princi- 
ples and application of gas-shielded arc weld- 
ing process using helium and argon. Required 
equipment and accessories to perform this type 
of welding are described. 


107. Disk Type Thermostats 

Stevens Mfg. Co.—2-page illustrated bulletin 
F-2009 deals with type M bimeta] thermostats 
which are available in wide range of construc- 
tions and ratings and which can be supplied 
standard or hermetically sealed. Thermostats 
can be made to make or break an electrical 
circuit upon rise in temperature. Maximum 
operating temperature is 600° F. 


108. Hydraulic Equipment 

Vickers Inc.—16-page illustrated catalog M- 
5100 deals with hydraulic power packs, pumps, 
multiple-unit valves, steering boosters and mo- 
tors designed specifically for use in mobile 
equipment. Typical uses of hydraulics to ac- 
tuate mobile machine components are shown. 
Specifications are given for all types of hy- 
draulic units. 


109. Preshaped Stee! Bars 


A. Milne & Co.—4-page illustrated bulletin 
AM-100 shows many typical shapes of cold- 
drawn steel bar stock which is produced with 
special sections to fit specific purposes. Shaped 
bar stock can be employed in many cases to 
reduce or eliminate machining eperations. 
Available steel amalyses are covered briefly. 
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110. Variable Speed Drives. 


Reeves Pulley Co.—12-page illustrated 
tin G-509 describes various types of inf 
variable speed drives and control units. T 
basic units in line are transmissions, 
drive and Vari-Speed motor pulley. All 
ploy V-belt and variable pitch pulleys. 
tional drawings explain operation. Cap 
range up to 87 hp and speed ratios from ii 
to 16:1. 


111. Cast-To-Shape Steels 


Jessop Steel Co.—12-page illustrated 
‘Jessop Cast-to-Shape Steels’’ describes 
made from tool steels, stainless 
and heat resisting steels. Design cons 
tions, heat treating instructions, analyses 
hardness tables are included. 


112. Cemented Carbide Products 


Kennametal Inc.—72-page illustrated c: 
51 has specifications and prices of entire 
of cemented carbide tools. Items are 
gated in sections for ready reference. 
mation included covers recommended g 
for different materials, cutting speeds for 
ous steels, machining hints, tool wear an 
and how to design for best results from Ke- 
nametal. Characteristics of heat-res 
Kentanium and illustrations of typical 
resistant applications are given. 


113. Electrical Connector 

Buchanan Electrical Products Corp.—4-page iim) 
illustrated bulletin No. 750 is descriptive ¢iiias 
various pre-SURE-connectors including gle 
caps and Termend lugs for stranded and mill 
wire, When used in conjunction with spel 
tool, these connectors allow making compieay 
insulated splice in three simple steps OF Prope Haus 
wire termination in one easy operation. 


114, Cellular Rubber 

Sponge Rubber Products Co.—20-page iw 
trated brochure ‘‘Properties of and Test Das 
on Cellular Rubber’’ covers grades of spo 
rubber, compression factors,. influence of 
and aging, flexing, Durometer testing, heat 
sound insulating values and resistance to 
and chemicals. Various specifications, i 
ances and special-purpose stocks are 
also. 


115. Motors & Generators 

Ww Electric Corp.—19-page illw 
trated booklet B-4595 describes new Life-Lir 
type SK direct current motors and generator 
Design features and use of cast brass brut 
holders, stainless steel springs and Melami 
Moldarta molded rocker rings for max 
corrosion resistance are discussed. 


116. Kilovolt Meters 


Hickok Electrical Instrument Co.—Il t 
data sheet on model 64 and 65 3%-in. rect 
gular semifiush replacement meters ow 
features, including lucite window and si 
length of 3% in. Lucite window along ' 
edge permits external illumination. Shi 
or unshielded types in most alternating 
direct current ranges are available, 


117. Quick-Connect Couplings 
catalog ° 
pressure 
vacuum, various fluids, pneumatic, hydraul 
and steam service inco 
data and dimensions * 
complete line. Also included are details ¢ 
hose clamps, blow guns, sand blast cleaner 
and spray cleaners. 


118, Hard Chrome Plater 


Ward Leonard Electrie Co.—4-page i 
trated bulletin IC-20 describes model 4 
Chromaster industrial hard chrome platin 
unit. This bench model features built-in po 
supply and is self-contained. Rated 20 # 
peres, equipment will plate maximum y 
of 10 sq in. at 2-amp per sq in. current ~ 
ity, and rate of deposition is constant at 0. 
in. per hour. 


119. Tension Linkages 

Chain Belt Co., Baldwin Duckworth Div- 
Illustrated handbook for designers of te 
linkages deals with chain in which : 
motion is not continuous in direction. © 
bulletin 51-10 contains examples of SPP 
tions, plus information on various types. 
roller chains used in such linkages. 
dominating feature of tension linkage '8 
chain need not be endless belt. 


120. Packings 
catalog poten domaine apptication r= 
“1 a) ca! , 

and performance for Palmetto seif-lubric® 
molded and sheet packings, both standard . 
special. Packings for piston rings and : 
pumps. are included, along with ay 
and selection charts and specification t@ 





























Shaft- Sealing Certainty with i pp 


“Bowser” is a big name in gasoline pumps, as befits the originators of those 
important devices. Like all industrial leaders, they are properly jealous of the 
reputation their equipment holds for top efficiency and freedom from mechan- 
ical breakdown. Every detail of construction must be designed to stand up to 
hard, hour-after-hour use under all kinds of conditions. Trouble with Shaft 
Sealing could be an expensive nuisance—but here’s a quotation from one of 
Bowser’s descriptive circulars: THE 
ROTARY 


“THE FINEST OF PUMPING UNITS  . . quiet, trouble-free 
operation. There’s no packing to wear out or cause shaft wear SEAL 

.no binding or drag..no high power costs.— because PRINCIPLE 
BOWSER Pumps are equipped with the modern Rotary Seal.” 
is the original approach to 
a practical solution of a uni- 
versally troublesome prob- 


You'll find many applications of Rotary Seals in Bowser’s line, the most 
diversified in the field—and likewise, in their well-known filters for cleaning 
establishments and similar uses. ROTARY SEAL engineers will be glad to 
consult on your Sealing problems, placing at your service years of success in lem. Our booklet “SEALING 
developing just the right Seal for all WITH CERTAINTY” explains 
kinds of applications in mary fields. and illustrates the principle. 
Rane eeepee Call us in at the drawing board We're glad to send it to you 
seals stage, if possible—our experience without obligation. 
can often suggest the way to simpler 
and better design through tested 
approaches to the Shaft Sealing 
problem. 
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PALMETTO 


synthetic composition 
or otherwise 


IW s 


Service conditions or cost factors commonly sug- 
gest selection of Kup packing of synthetic com- 
position. At such times count on Palmetto syn- 
thetic Kup for the same top performance that 
characterizes Palmetto’s fabric bonded Kup 

the same Palmetto factors are at work for longer 
life, less downtime on all air or hydraulically 
operated equipment 


Bans to ee idee Pinte oh 


temperature, pressure, motion, speed 
or fluid handled. No “off-the-shelf"’ answers 
in filling even standard cup packing needs. 


Special Palmetto Compounds 
and Lubricants eee 
‘‘on-the-scene"’ familiarity with service 
conditions and packing requirements 
have led to the development of 
Palmetto extras such as lubricants 
which, when. mixed with the com- 

* pound, reduce packing friction to a 
minimum, enable Kup to withstand 
heat or long shutdown periods without “drying out'’ 

lubrication. 


Research and 


GREENE, TWEED & CO. 


NORTH WALES . PENNSYLVANIA 


MACHINES 


Rodney F. Lauer 
has been named vice 
president in charge 
of engineering and 
research by York 
Corporation, York, 
Pa. Mr. Lauer, who 
has been with the air 
conditioning and re- 
frigeration firm since 
he received his de- 
gree in mechanical 
engineering at Cor- 
nell University in 
1930, had been man- 
aging York’s Pacific 
district since 1944. 
During World War II, 
he engineered’ the 
first combination 
“strato” chamber and all-weather room for the U. 
Navy, and has since played a major role in the de 
volopment of similar projects for the Armed Services. 
When a highly sensitive air conditioning plant was 
needed during the war for the manufacture of radar 
and television tubes, Mr. Lauer was given the task 
of engineering the system, which at the time was re 
garded as one of the most difficult problems in the 
air conditioning and refrigeration industry. 


Rodney F. Laver 


SJ 


Appointment 
of Everett A. Utecht 
as assistant chief en- 
gineer, Davey Com- 
pressor Co., Kent, O., 
was announced re- 
cently. Mr. Utecht 
has been a member 
of the Davey engi- 
neering staff for the 
past five years. A 
mechanical engineer- 
ing graduate of the 
University of Wiscon- 
sin, he was an engi- 
neer in the U. S. 
Navy, Bureau of 


Ships, during World Everett A. Utecht 
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90° Check Valve Union 





Straight Adapter Unions 








45° and 90° Adapter Unions NA 
594 
ti} 





Restricting Adapter Unions 


ithe 
ne 


av, Time is money. And whenever you save time, you reduce costs. 
That's why it pays to use Anchor Adapter Unions and Related Fittings. You see, 
they’re designed especially to speed the attachment of Anchor hydraulic hose assemblies 


Anchor Ductile Sleeve Couplings to equipment of all kinds. 
assembled on two wire braid In addition to cutting assembly costs, Anchor Adapter Unions and Fittings have these 


hos i . 
nce Oe Ge oe important advantages: 


@ They provide a leakproof ground-joint connection. 


" @ They are small in size, require little space, and provide a neat appearance. 
a= e You can connect and disconnect them many times without destroying the seal. 
: @ Made from solid steel bar stock and plated to prevent rust, they stand up under the 


toughest service conditions. 


Anchor Sleeveless C li imi ipe- joints —ai 
Socombindl enn aitiees eels ae Their — lets you eliminate one or more pipe-thread joints—gives you a better 
braid hose or two rayon braid piping job. 
pose for medium or low pres- Assembly in confined spaces is quicker and easier. 
7 The Anchor line of Adapter Unions and Related Fittings is 
the most complete line available. Save yourself time and 


Send for complete money—select those that fill your specific needs. 


information on | cijp COUPON TO LETTERHEAD AND MAIL TODAY. 
Anchor Adapter __! 


Anchor Clamp-type Couplings Unions and 
Gre ideal for field service use Fittings 
and omeneinney repairs. Easy to 
ut on and take off— withstand oe 
h pressures. 


5 


ANCHOR COUPLING CO. INC. 
Dept. MD51, Libertyville, Illinois 


I like the dependability. the safety. and the time-and-money saving fea- 
tures of Anchor Adapter Unions and Fittings. Please send me a catalog. 


= 


PD, sos, 
r 








Use Anchor Assembled Hose Units with the outstanding fit- Name 


tings shown above. You'll have less trouble in the shop on 
assembly — and less trouble in the field on the job. 


Ula fe} merelt] Jal, [cmelom |, (er 


ty: Libertyville, Hlinois ° Branch Detroit, Michigan 





Company 





Company Address 
City. 
‘ 
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Keeps Size Down 


by keeping one jump 
ahead in design 


The smaller the equipment—the more trouble from high 
inrush currents... 

This portable telecast equipment first used a single pole 
supply line relay—but the high inrush currents the instant 
after closing, sometimes welded the contacts. Solution 
appeared to be to use a larger relay or to alter the equip- 
ment, increasing its size. 

Then: Ward Leonard suggested a heavy-duty midget par- 
allel contact relay—no larger than before—with poles 
paralleled and with silver-to-carbon contacts on one pole 
making contact before the silver-to-silver contacts close 
on the other pole. 

Investigate Ward Leonard facilities for variations of 
standard designs to simplify your control. 

WARD LEONARD ELECTRIC CO., 58 South Street, Mount 
Vernon, N. Y. Offices in principal cities of U. S. and 
Canada. 


| ter Co., Detroit, as works manager. 
_ all production operations for the two Detroit plants 





WARD LEONARD 
ELECTRIC COMPANY 
Rau -E ny neeed Cuties 


» RHE AT . RELAYS . 








War II and previous to that was affiliated with U, {, 
Gypsum Co., Chicago, and Steel Improvement & For: 
Co., Cleveland. In his new position, Mr. Utecht wil 
be in charge of the design and engineering of both 
new and standard line Davey air products. 


° 


Formerly manager of the Engineering Physics Di. 
vision of Frederic Flader Inc., G. O. Haglund has 
been named assistant director of General Mills Aero- 
nautical Research Laboratories, Minneapolis. He will 
be responsible for operating procedures, practices and 
administration of the company’s aeronautical research 
organization. Mr. Haglund has served as assistant 
engineer with the Allis-Chalmers Manufacturing Co, 
project engineer for the Naval Ordnance Laboratory 
and head of the Instrument Section of the Physics 
Department, Curtiss Wright and Cornell Aeronautical 
Research Laboratories. With Frederic Flader Inc. he 
was active in research and development work for the 
Atomic Energy Commission and U. S. Air Force. 


+ 


Having served as chief engineer since 1947, Robert 
J. Stoddard has been elected vice president of engi- 
neering for American Hoist & Derrick Co., St. Paul. 


° 


John T. Lancaster has joined Conner Tool & Cut- 
He will handle 


of the company, which serves hundreds of major 
manufacturers as deep hole and boring specialists. 


° 


Because of expansion of the company’s activities 
into the fields of basic and aircraft instrumentation, 
several additions have been made to the engineering 
staff of the Cook Research Laboratories, Chicago. 
One of the most recent staff additions is Dr. Joseph 


| F. Zeichmeister, who will fill the position of assistant 


chief engineer. For the past 13 years, Dr. Zeich- 
meister has been associated with the Gaertner Scien- 


| tific Corp. of Chicago as a physicist and engineer. 


. 


Dr. George H. Lee, one of the foremost authorities 
on photoelastic methods of studying metals under 
stress, will join the faculty of Rensselaer Polytechnic 
Institute on July 1 as professor of mechanics. Dr. 
Lee comes to Rensselaer from Annapolis where he 
has been teaching since 1945 in the United “tates 
Naval Postgraduate &choo!. 


° 


Appointment of Emory W. Worthington as vice 
president in charge of mechanical development was 
announced recently by Bjorksten Research Labora 
tories Inc. He will make his headquarters | the 
Madison, Wis., office of the company and will 
the Chicago and New York offices regularly, devot- 
ing himself initially to developing application o! T 
inforced plastics to fast-moving machine parts. Mr. 
Worthington was vice president and chief engineer of 


Babcock Printing Press Corp. of Canton, O., !rom 


visit 


| July, 1949, to October, 1950, and before that wa® 
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1. {i chief engineer for the Champlain Co. Inc. of Bloom- 


orge 
will 
0th 


ert 
gi- 


ut- 
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jor 


B joined the company in 1940 and was appointed direc- 


field, N. J. For 12 years he was associated with the 
Goss Printing Press Co. of Chicago in various engi- 
neering positions, the last of which was chief devel- 
opment engineer. 








° 










Raymond H. Schaefer has been elected a vice presi- 
dent of American Brake Shoe Co., New York. He 







tor of research and development in 1947. He will 
continue in charge of the research activities of the 


company. 









¢ 


Louis Soltanoff has joined Martin & Schwartz, Sal- 
isbury, Md., as a design engineer. Prior to this post, 
Mr. Soltanoff was chief engineer of American Hy- 
drovac Inc., Brooklyn, N. Y., for several years. In 
his new position he will be directly concerned with 
the design and testing of small, precision hydraulic 
mechanisms. 












. 







Electrol Inc., Kingston, N. Y., manufacturer of air- 
craft and industrial hydraulic devices, has announced 
the appointment of Vie N. Thacker as production man- 
ager. Mr. Thacker was formerly associated with 
Fairchild Aircraft as equipment engineer. 


: HOW TO REDUCE 

Robert T. Eakin, who joined Allegheny Ludlum Y 

Steel Corp. as a student trainee in 1940, has been OUR MOTOR CONTROL PROBLEM 
TO ONE QUESTION—WHERE? 












appointed manager of the company’s largest plant, in 
Brackenridge, Pa. He succeeds George Evans, who 
becomes special consultant to the vice president in 
charge of operations. 












+ 


Ross J. Martin, associate professor of mechanical “Building-block’’ units permit grouping 


engineering, has been named associate director of the all motor controls at one point 

University of Illinois Engineering Experiment Sta- 9 

= : He will serve under Dean William L. Everitt, You control all the motors in an entire area, floor 

who is also director of the Station, as liaison man or building—when you centralize the controls with 

between the Station and agencies sponsoring many of Ward Leonard MULTITROL*. 

its investigations. ° Prefabricated MULTITROL units (each a complete con- 

trol for one motor) fit into standard framework in any 

arrangement to suit the space. Units can be added, sub- 
K. 0. William Sandberg of the General Electric tracted, interchanged, or relocated. 

Company’s Chemical Department has been appointed Some of the problems MULTITROL solves include: Struc- 


manager of the firm’s industrial engineering section. oe —none needed, MULTITROL units are free- 
standing. Obstructions—no difficult cable or pipe forming, 


. no chopping out walls. Appearance—no haphazard box 
mounting. Safety—completely deadfront construction. 


Investigate MULTITROL. Wide choice of starter types, 









. 









Former chief engineer, NEPA project, Andrew 






nittasky has been appointed by M. W. Kellogg Co., combined with externally-operated thermal circuit break- 
‘ew York, as manager of its special projects depart- ers. Write for Bulletin 4410. WARD LEONARD ELECTRIC 
mtn. This department is concerned with research co., 58 South Street, Mount Vernon, N.Y. Offices in prin- 
and development of rockets and rocket motors for cipai cities of U. S. and Canada. 














the U.S. Air Force and Navy. *Also available for D-C 
W. J. Phillips, who was formerly associated with 


¢ 
the Steel Founders’ Society of America, has joined WARD LEONARD 
Crucible Steel Casting Co., Cleveland, as chief engi- | ELECTRIC COMPANY 


Pee Previous to his affiliation with the Steel Found- 
"8 Society, he served as president of Phillips Found- RR ull- E xgineored Contiols Since 1892 
'Y Co. of Bakersfield, Calif., a firm which he helped 
organize, 








RESISTORS + RHEOSIAT * RELAYS + CONTROL DEVICES 
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THE ENGINEER'S 


BECAUSE 


of 
LOVEJOY L-R 


FLEXIBLE COUPLINGS 


Type “H" 
Heavy Duty 


POWER 


— BF .\-) ea he) [ce] 3 eae 
RUNS SMOOTHER! 


Here’s Why! 
These simple, sturdy couplings compensate 
for MISALIGNMENT, VIBRATION, START- 
ING, TORQUE, BACK-LASH, WHIP, 
SHOCK, SURGE. 


LOVEJOY 


L-R FLEXIBLE COUPLINGS 
@ Require NO LUBRICATION 
@ Require NO MAINTENANCE 
@ Require NO SHUT-DOWN for 
change of cushions 


Write for 
Catalog 
and 
Handy 
Selector Chart 


* 
LOVEJOY FLEXIBLE COUPLING CO. 


5018 W. Lake St., Chicago 44, Ill. 


Also Mfrs. Lovejoy Variable Speed Transmissions and Lovejoy Universal Joints 
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Servomechanisms and 
Regulating System Design 
Volume I 


By Harold Chestnut and Robert W. Mayer, 
both of the aeronautics and ordnance systems 
divisions of the General Electric Co.; published 
by John Wiley & Sons Inc., New York; 505 pages, 
6 by 9 inches, clothbound; available through 
MACHINE DESIGN, $7.75 postpaid. 


Achieving a high accuracy and a high degree of 
stability in a feedback control system (closed loop 
servomechanism) without increasing complexity and 
cost is a problem which the designer is asked to solve 
in this day when the trend is toward greater auto 
matic control of engineering equipment. The design 
engineer must have available the methods of syn- 
thesis and analysis of feedback systems in order to 
have his process strike the optimum balance between 
performance and cost. Written as one of a series in 
the interest of the advanced course in engineering of 
General Electric Co., this book presents these meth- 
ods to the design engineer. 

The book starts from the basic mathematics, de- 
scribes clearly the nature of the physical problems 
involved, and proceeds to the solution of advanced 
designs. Distinctive features of the book are: em- 
phasis on the feedback control concept for regulators 
and servomechanisms; presentation of both the dif- 
ferential equation and Laplace transform methods of 
solving transient problems; development of building 
blocks for mechanical, electrical, hydraulic, and steer 
ing transfer functions; gmphasis on the attenuation 
concept for regulators and servos; and the stress on 
the practical approach to system synthesis. Included 
are charts indicating the nature of design charac 
teristics necessary to obtain desirable steady-state 
and transient responses. Numerous problems illus- 
trate and extend the text. 


> i te 
Machinability and Machining of Metals 


By Norman E. Woldman, consulting metallu’- 
gical engineer, and Robert C. Gibbons, metallur- 
gical engineer, Eclipse Pioneer Div. of Bendis 
Aviation Corp.; published by McGraw-Hill Book 
Co., New York; 518 pages, 6 by 9 inches, cloth- 
bound; available through MACHINE DESIGN, $7.50 
postpaid. 


An important consideration in the selection of : 
metal for incorporation into a design is the me SS 
which the metal can be converted into the finish 
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If you have Defense Order Contracts, or sub- 
contracts calling for the use of wool felt, get in 
touch with American. We can supply you with 
the felt to meet your specifications. 
When writing, please use these felt speci- 
fication numbers on your contracts. (Identicay WithS. AF Felt § 
Peci. 


— 


This information is important, since in re- MIL. pF. rosisttermaster Cont 
Ntracts 


cent years there have been changes in Federal (Supersedes 8-15G) 
specifications for wool felts. American knows MIL. F.s6s¢4 Force Contra 
and will gladly work closely with you to see (Supersedes 4 — 
that Defense Orders for felt are filled with 

material that meets the requirements exactly. 


AmericanFet “ 
Com, c 


, MARK 


= 


- 
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Amazing NEW 
REVERSING TRANSMISSION 


Solves Numerous Design Problems 


Typical application of Snow- 
Nabstedt Reversing Transmission 
by Gabb Mfg. Co., Windsor 
Locks, Conn. on its ““Motoroller’”’. 


@® SO UNIQUE — One unit combines forward, neutral, 
reverse and reduction . . . no separate clutch required! 


Has coaxial input-output shafts. 


AMAZING PERFORMANCE — Reverses occasion- 
ally, or frequently, under full load, without hesitation! 
Transmits 2 to 12 H.P. with 3.75: 1 reduction in both 


directions. 


HAS MANY APPLICATIONS — Suits design needs 
of machine tools, construction, agricultural, and mate- 


rials handling equipment. 


REDUCES MAINTENANCE — is adjusted exter- 
nally, without dismantling! Its pinions can’t overheat; 


are long-lived. 


SAVES MONEY — Eliminates separate gear box, 
clutch, countershaft and mounting brackets in many 
applications. SAVES assembly time, servicing prob- 


lems, and improves product appearance. 


SAVES SPACE — The most compact transmission 


available .. . only 9-1/16” x 8” x 9-1/2”. 


QUALITY-ENGINEERED— Designed by makers of 
Joe’s Famous Gears, world-renown for 46 years. 
Have our capable engineers produce transmissions to 


serve your defense equipment needs! 


WRITE TO-DAY for descriptive bulle- 
tin or specify your needs, stating 
application, input and output speeds 
desired, H.P., power source, equip- 
ment to be driven. 


“lhe 
SNOW-NABSTEDT 
GEAR CORP. 


P.O. BOX 1753, NEW HAVEN, CONNECTICUT, U.S.A. 


product by machining. This book provides a gui 
to materials selection by presenting the genera! pri 
ciples of machining metals, the metallurgical chara 
teristics of the materials which offer various mecha 
ical and thermal treatments, and also the types ay 
compositions of cutting tools to be used. 

In general, discussions of the particular meta 
begin with the consideration of their metallurgy and 
proceed with the pertinent factors relating to thei 
machinability and machining. Each chapter deal 
with a specific type of metal. Covered are: low-car- 
bon steels, high-carbon steels, alloy steels, tool ani 
die steels, stainless steels, and cast irons, as well a 
alloys of aluminum, magnesium, copper, nickel, zine, 
and special metals. Because nonmetallics such as hari 
rubber and plastics are also machined commercially, 
a chapter on these materials is included. Principle 
and mathematics of machining are presented in the 
opening chapters; a comprehensive chapter on cut- 
ting fluids is also included. An appendix of perm 
nent reference value contains nomograms, tables and 
charts on steel properties, cutting speeds and feeds, 
thrust loads in drilling, etc. 

The approach to the subject is both theoretical and 
practical. Theories and conclusions are based 
laboratory experiments and actual production. 


Manufacturer Publications 


Mechanical Fastening Methods for Aluminum: 
Eight main sections of this book discuss standard 
rivets, special rivets, standard screw fasteners, spe 
cial screw fasteners, nails and pins, metal stitching, 
mechanically formed joints, and resin bonding. In- 
cluded in the 17 tables of data are dimensions ané 
number of pieces per pound for six different type 
of standard rivets, lengths of rivets for cone-poin! 
and button type driven heads, recommended hole sizes 
with shear and bearing area for both hot and cold- 
driven rivets, and maximum loads for single rivets 
in shear. Trade names of special screw fasteners and 
their manufacturers are listed. Nominal chemical 
compositions and typical mechanical properties o 
wrought aluminum alloys as well as typical tensile 
and bearing properties of aluminum alloy plates and 
shapes are included together with dimensions for 
standard aluminum spring lock washers. An addi- 
tional table lists recommended interference fits for 
cast iron and steel bushings in aluminum at room 
temperature. This 136-page, wirebound booklet may 
be obtained by directing company-letterhead requests 
to Reynolds Metals Co., 2500 South Third St., Louis 
ville 1, Ky. 


Principles of Centerless Grinding—G-503-2: Ope 
ing with a concise discussion of the basic principles of 
centerless grinding, this book continues with a rather 
comprehensive treatment of the methods, advantages 
operating controls, and construction details 0! this 


+ metal processing technique. Selection of blade and 


wheel materials, truing the wheels, and thrufeed and 
infeed corrective adjustments are also discussed. Sev- 
eral pages are devoted to the economy of centerless 
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IMPROVED 
MECHANICAL 
STRENGTH 


Design engineers can now use G-E sili- Elongation test shows that the new G-E 
cone rubber for gaskets, brake boots, silicone rubber is 100 to 150% stronger 
Valve diaphragms and vibration mounts. than former G-E silicone rubbers. 


GENERAL @® ELECTRIC 
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Parts fabricated by General Electric from its 
new, improved silicone rubber (G-E 12650) 
combine remarkable mechanical strength 
with extraordinary thermal and electrical 
properties. G-E silicone rubber parts pos- 
sess high tensile strength, high elongation 
and tear strength. Serviceable over a tem- 
perature range of —85 to 500 F, this new 
silicone rubber makes parts heretofore im- 
practical with other silicone rubbers. 


DEPEND ON G.E. 


General Electric’s specialized fabricating 
service is ideally equipped to supply the sili- 
cone rubber parts you need. This specialized 
service fabricates only silicone rubber com- 
pounds—your assurance of high-quality 
parts uncontaminated with other materials. 
Special molding and extruding techniques 
are employed, using G.E.’s own quality- 
controlled compounds, or any commercially 
available compound specified by a customer. 
General Electric, a pioneer in the develop- 
ment of silicone rubber, has tremendous 
“know-how” gained through designing hun- 
dreds of applications. Put this specialized 
fabricating service to work for you!* 


* Address inquiries to Section F-3, Chemical De- 
partment, General Electric Company, Pittsfield, 
Massachusetts. 





...and you'll see 
why it’s 


OILPROOF ! 


FATIGUE-PROOF ! 


On the surface, Resistoflex hose looks 
like any other hose. But what a differ- 
ence internally. Only Resistofiex hose 
has the compar tube. 

This flexible, high tensile tube elim- 
inates need for metal reinforcement in 
medium pressure hydraulic applica- 
tions. It also makes the hose impervious 
to oil. Result: No erosion, no gumming, 
no clogging. And no fatigue under con- 
stant flexing conditions. 

Resistoflex has proved skill and long 
years of experience in the fabrication of 
braided hose with synthetic tubes. Take 
advantage of the quality this assures 
and provide trouble-free, cleaner hy- 
draulic systems. Write for specification 
sheets. 


Sade met ng = US BCom Per OF 


STOFLEX 


CORPORATION 
Belleville 9, New Jersey 


grinding of small lots primarily to dismiss the opini 
that the method is exclusively adapted to mass-py 
duction. Tables, useful for production estimati 
present thrufeed traverse rate data. 
Copies of the 48-page booklet may be obtained fre 
the Cincinnati Milling Machine Co., Cincinnati 9, 9 


Government Publications 


Electronic Equipment Construction—New Obje- 
tives, New Techniques, New Components—PB 10) 
745: This report, prepared by the Stanford Research 
Institute under contract to the Office of Naval Re 
search, consists of three parts: a description anf 
evaluation of new components; a discussion of newg 
construction techniques; and a survey of research at | 
62 of the nation’s leading electronics development 
firms and laboratories. Components covered in dé 
tail include fixed and variable resistors, fixed and 
variable capacitors, high-frequency inductors and 
transformers, multiple-component units, vacuum 
tubes, crystals and transistors, frequency-control and 
transducer devices, power and audio transformers, 
relays, indicating instruments, connectors, tub 
sockets, batteries, motors and servomechanisms, it- 
sulating materials, switches, and hermetic seals. New 
techniques receiving special attention include printed 
circuits and conductor patterns, mechanized construc- 
tion, unitized construction, hermetic sealing methods, 
cast resin embedment, and heat removal techniques. 
Of particular interest is a special section in which 
the current research and development needs of the 
electronics field are summarized by the authors under 
these principal headings: reliability; heat and high- 
temperature resistance; better packaging; miniaturi- 
zation; and improved manufacturing and mechaniza 
tion techniques. 

Copies of the 300-page, 814 by 11-inch, paperbound 
book may be obtained from: Office of Technical 
Services, U. S. Department of Commerce, Washing- 
ton 25, D.C. Price per copy is $7.00; check or money 
orders are payable to the Treasurer of the United 
States. 


Exposure Tests on Galvanized-Steel-Stitched Alum’ 
num Alloys—NACA TN 2299 by Fred M. Reinhart: 
Sheets of 24S-T3 and alclad 24S-T3 aluminum alloys 
joined by stitching with galvanized steel wire wert 
exposed in a marine atmosphere and in the tidewater 
to determine whether they would have a satisfactory 
service life in these environments. Both alloys joined 
by this method are satisfactory with respect to cor 
rosion resistance for service in marine atmosp/ieres. 
The alclad 24S-T3 alloy is satisfactory for shor 
periods of time where the installation is subject © 
frequent wetting by sea water. The use of 248-T3 
sheet joined by stitching with galvanized wire * 
not satisfactory when subjected to wetting by s@ 
water. 

Copies of this report may be obtained from the 
National Advisory Committee for Aeronautics, 1724 
F St., NW, Washington 25, D. C. 
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WEATHER RESISTANT STOCKS 


Aft & 
Before Aging (= Je bes. 
{= yeh 


2° F. 


ging 
2 ) 
158° F.) 


DUROMETER DUROMETER 
STOCK || HARDNESS | TENSILE LOW TEMP! ‘Waroness | TENSILE 
J SRONESS | STRENGTH oF. SRO NESS | STRENGTH 
Seale p-s.i. per (5 hr. test) Scale p.s.i. 
550 1951 


360 


420 
250 
500 


350 





235 
548 
*A.S.T.M. D746-44T 
Stocks listed a are only representative 
of the many compounds available. 





eaturing resistance to sunlight, ozone, In addition to weather resistance, these 
F freezing temperatures and salt air, parts can have the capacity for withstand- 
STALWART-compounded weather-resistant ing other deteriorating forces such as abra- 
rubber stocks are available in mass pro- sion, compression and chemical action. For 
duced parts for application in aircraft, auto- applications involving extreme tempera- 
mobiles, trucks, marine equipment, electri- tures as low as —110° and as high as 
cal assemblies and railroad rolling stock. 4-500° Fahrenheit, parts can be fabricated 
Whether they are to withstand dry desert from Silicone Rubber Compounds. 
heat and burning sunlight or the prolonged A 
damp cold of ertic regions, these newly de- STALWART - prepared to meet 
veloped rubber stocks can be supplied in individual requirements as well 
precision molded, extruded, die-cut, or lathe- as S.A.E. and A.S.T.M. specifica- 

tions. Write today for the new 


cut shapes having varying degrees of hard- 
ness, tensile strength and elongation to 16-page illustrated catalog No. 
meet the demands of specific applications. 51SR-1. 


5180 NORTHFIELD ROAD °* BEDFORD, OHIO 
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Yow 2 Pittsburgh 


NOTEWORTHY 


Etush Solved Qi/ Patents 
Pressure Problem™ 


An actual case history from the Allis- 
Chalmers Pittsburgh Works, manufac- 
turers of Transformer Radiators. 


At Allis-Chalmers, well-known manufacturer of industrial 
equipment, the problem was to secure a satisfactory oil pres- 
sure test on transformer radiators. The key to the problem 
was to find a brush narrow enough to clean between cooling 
fins and strong enough to remove slag and spall on welds which 
could conceal pinholes. Pittsburgh engineers recommended 
an 8” rotary wire brush. The brush proved more than satis- 


factory and the problem was solved! 


Let Pittsburgh Engineers Solve Your Brush Problems. 


Pittsburgh’s complete line of brushes of every 

type, for every purpose, will provide a practical 

and economical solution of any brush problem 

you might have. Drop us a line on your com- 

pany letterhead for a copy of our new booklet 

that shows, through actual case histories, how 

Pittsburgh can help cut your brushing operation costs. 
Address: PittspurGH PLate Grass Company, Brush Div., 
Dept. W1, 3221 Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 


BuerV) i BRUSHES 


BRUSHES * PAINT * GLASS * CHEMICALS * PLASTICS 


PITTSBURGH! PLATE GLASS COMPANY 


Iyrermrrrent ROTATION from a constant-speei 
rotary input motion can be obtained through a plane 
tary gearset and a crank and link arrangement. The 
intermittent rotary-oscillatory output is well suited 
to operations such as honing and lapping. A con- 
pound planetary pinion is driven around an internal 
ring gear on the stationary housing by a sun gear m 
the input shaft. This planetary pinion rotates a 
erank linked to another crank on the output shaft. 
Rotation of the pirion crank about the pinion axis, 
together with travel of the pinion crank about the 





vy N 
ERSSSSSYSSO SS 
Cf hhhdp tchedidadad hhtaade = 


LA 
SSS 


N 





ls 





Wa 


% 
U 


ANS . 

84 
—«ZG 

NO ss, 


N 
S; 
\ 


<x y 
mp4 
VRS NN 

Yi se. 

Cymsrrg, > * 
ewan 


NY 











output shaft axis, imparts a rotary-oscillatory mo 
tion to the output shaft. Frequency of the repeti 
tion of the reversal pattern is controlled by the ratio 
of teeth on the pinion and on its meshing ring gear. 
For example, a ratio of 11 to 48 gives 48 motion re 
versals before they again occur at the same point in 
the revolution of the output shaft. The patent, No. 
2,538,620, has been assigned to Metal Seal and Prod- 
ucts Ine. by August H. Heinrich. 


Wire TENSIONING in coil winding operations i 
accomplished without detrimental cold working of 
the wire with the device covered in patent 2,534,130. 
The wire is given 114 turns around a spokeless, 
grooved wheel or ring rotating on internal rollers. 
One of these rollers is carried on a pivoted, spring 
loaded arm on which a tensioning pulley is 280 
mounted. If the wire starts to slack, the spring 
tends to pivot the arm and increases pressure of the 
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REVERSE-DRAWN SHAPES 


To: SAVE WEIGHT 
GAIN STRENGTH 
REDUCE COSTS 


Made by the revolutionary reverse-draw process, 
Scaife deep-drawn metal shapes have the improved 
physical properties, desirable uniformity of wall 
thickness and other characteristics that are impor- 
tant in reducing weight and increasing strength. 
The process is ideal for pressure vessels, for other 
deep-drawn shapes such as rocket and missile bodies 
and tubes, and for a great variety of containers and 
enclosures. A brief description of the process is 
given below. Scaife engineers will be glad to work 
with manufacturers using or planning to use deep- 
drawn shapes. 


Starting with a circular sheet 
of steel 


a cup is formed by a conven- 
tional drawing operation. 


A continuation of this press- 

ing operation turns the cup 

“inside out” without remov- i 
ing it from the dies 


completing—in a single 
stroke—a deep-drawn 
shape having remarkably 
uniform well thickness. 


The Scaife Reverse-Draw process is suitable for 
the production of shapes having cross-sections that 
are circular, oval or rectangular. They can be made 
with one end completely closed and with the other 
end flanged or straight. Shapes up to 36 inches 
maximum diameter can be formed of ferrous and 
non-ferrous materials, with wall thicknesses up 
to 4 inch. 






































| internal roller on the inside of the ring. This de 
forms the ring, thus increasing the rolling friction 
and, consequently, the tension on the wire. As wire 
| tension increases, rolling friction between ring and 
| roller are decreased and drag on the wire is lessened. 
| The mechanism, assigned to the General Electric Co, 
by William R. Hunt, minimizes cold working by pas& 
ing the wire around a single wheel only. 
=» 
Rorary SOLENOID ACTION is obtainable by 
employing a simple link mechanism to convert axial 
movement of a solenoid armature into an intermit- 
tent rotary movement. An armature is mounted to 
| rotate on its shaft and carries the lower ends of sev- 
| eral ball-and-rod link members, with the upper ends 





Imagine your dog’s delight on seeing a solid column of biscuits 
160’ long and 42” wide! That’s the carrying surface of this 
Cambridge Woven Wire Conveyor Belt in a recirculating oven at 
Kendall Foods Company, Bell Gardens, California. 


stegccsieereetiiee 


Balanced Weave, specified for this installation, is low in cost, 
eliminates creeping of the belt on the drive pulley, and provides 
high tensile strength. Open mesh of the belt allows free circula- 
tion of heat within the oven . . . crumbs and broken bits of biscuit 
fall through the belt, cannot foul up automatic packaging 


equipment at the end of the oven. f [lili I 
SSSsaanw ISAs 4 


Whether you’re baking biscuits, processing meat or canning 1/1 Mee y 
vegetables, there’s a Cambridge Woven Wire Conveyor Belt to | GW Y Z 

help mechanize your production. Stainless steel to meet sanitary | a) LZ a a Y Yee en 
codes is a standard material of construction _ G og 

for our food plant customers. Call in your ‘ 
Cambridge field engineer today, let him 
explain the superior construction features of 
Cambridge Woven Wire Conveyor Belts ... 


The Cambridge WRITE FOR FREE of the links held in a stationary plate. A coil spring 
Aire Cloth Ca. MANUAL illustrating tends to rotate the armature in a counterclockwise 


one nS | direction, which tilts the links with respect to the 


Dept. N* Cambridge 5, Md. 
Ra . = ear at ms shaft axis. Energizing the solenoid coil moves the 
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canrene META food, metalwork- |_| armature downward and increases the axial distancé 
ing, chemical, | between the two pivot points or ends of the links. 
| 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES ceramic and other The links therefore tend to straighten out, applying 


wT Liniknn. aa areal | a torque to the armature assembly which rotates it ia 
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CONSTANT 

DELIVERY 

PRESSURE 
.wtth a LINEAR 


PRECISION MOULDED 


DIAPHRAGM 





<024 FLEXING AREA 


“-.035 CENTER SECT. 
O62 SEALING EDGE 


Cross-sectional view of supersen- 
sitive synthetic rubber diaphragm. 


‘Kevejas. is the result obtained with the LINEAR 
Diaphragm, shown above. Precision moulded to 
a .062” edge, .024” at the flexing area, and .035’’ 
in the center section, this super sensitive diaphragm 
assures a consistently uniform delivery pressure 
over a wide range of inlet pressures. 


Detailed and expert attention to the need for 
minute variations in cross-sections and radii. . . 
coupled with application experience in the selec- 
tion of specific materials . . . has enabled LINEAR, _ 
to produce precision-moulded diaphragms with a 
rolling action that eliminates stresses, reduces 
hysteresis and increases life. Thus, LinEaR Dia- 
phragms offer advantages that cannot be achieved 
with flat diaphragms. . . frequently at lower cost. 


Produced under rigid supervision and held to 
the closest of tolerances, every single LINEAR Dia- 
phragm can be depended upon . . . mighty impor- 
tant in these days of critical material shortages. 
For a lower rejection rate and easier installation, 
it will pay you to consult LINEAR during the design 
stages of your diaphragm applications. 


“PERFECTLY ENGINEERED PACKINGS" 
L TIN 4 


LINEAR, , STATE ROAD & LEVICK ST., PHILADELPHIA 35, PA 


a clockwise direction against the spring force. Ro 


tary motion of the armature can be made to actuate, 
timer, for instance, by means of a suitable paw! an 
ratchet arrangement. The patent, No. 2,531,905, has 
been granted to Glenn W. Carpenter and assigned fy 
P. R. Mallory & Co. Inc. 


‘Transtation of rotary to reciprocating motion 
in hand power tools is simply accomplished as coy 
ered in patent 2,525,922, assigned to Blackhawk Man. 
ufacturing Co. by Siegmund Mandl. Rotary motion 
is imparted to a circular driving member, mounted in 
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ball bearings, which has a circumferential tapered 
groove lying in a plane inclined from the axis of the 
driving member. A tapered roller carried by the tool 
holder runs in the groove in the driving member to 
provide the reciprocating motion. A spring holds 
apart the driving member and the flexible shaft or 
other means used to drive the tool, the two driving 
elements being held together against spring pressure 
when the device is in operation 


Accurate LOCATION of a rotating shaft in 4 
particular angular position when stopped, as is some- 
times required in equipment such as tuning condens- 
ers in scanning receivers, can be accomplished with 
the indexing mechanism described in patent 2,528. 
489. When current to the drive motor is interrupted, 
an electromagnet-operated clutch attached to the ro 





NY 


S1 


SG 
be 


WOH 
SS 
V ll 


V UR. 


Wii, 


SITUA 
wT 


N 
PN 

NE 

N 


TS 
: 











MACHINE DesIGN—May 195! 





me- 


vith 
28.- 
ted, 








The first successful 


V-Belt Drive for GANGSAWS 


Designed by 
Gates Engmeers 











— 
A large maker of gangsaws said to 


Gates Engineers, “If you can design a V-Belt drive to 
handle the fluctuating load on a gangsaw, we can dis- 
card the long and troublesome flat belt that we have 
always thought we had to use.” 

The reasons for his statement are quickly told:— 

A gangsaw (or Swedish type Gang Mill) consists 
‘sentially of several saw blades mounted in a. heavy 
steel frame or “sash” that moves rapidly up and down 
like a monster jig saw. This sash may weigh a ton or 
more—yet it makes about five 24-inch up and down 
Strokes per second! 

On the wp strokes, the saws have no cutting load 
on them. But on the down strokes they must often slash 
alog up to 36” diameter into 2” planks. This great un- 

lance in load between the up and the down strokes 
has heretofore defeated all efforts to apply a V-Belt 
tive to saws of this type. 

After thoroughly analysing the fluctuating load 
0 gangsaws, Gates Engineers recommended very minor 
changes in design which would permit the application 
of V-Belcs and—what is of utmost importance to you— 









VULCO | 


2 
ROPE | 
Hose V-Belts ENGINEERING 
Molded Rubber Goods N 


for Industry 


OFFICES 
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IRIVES 


AND 


ALL INDUSTRIAL CENTERS | 


ny X 
V-BELT DRIVE 
COMPACT — ONLY 5' CENTERS 








they were able to write down in advance the exact spec- 
ifications of the V-Belt Drive that has very successfully 
handled this extremely difficult assignment. 


This pre-solution of drive design problems is pos- 
sible because Gates operates the largest V-Belt testing 
Laboratories in the World—and Laboratory findings 
are carefully checked by tests made under actual field 
conditions. Finally, the results of these exhaustive tests 
are immediately reduced to usable data for the design 
of V-Belt drives to perform whatever task may be re- 
quired. 

Phone a Gates Field Engineer 

If you have a difficult drive to design, or if some 
drive in your plant is giving trouble, or if you only 
want to be sure what size and construction of V-Belts 
will give the most.efficient and the lowest cost service 
on any particular drive—you have only to phone a 
Gates Field Engineer, always near you in all industrial 
centers. 

Just look in your phone book under “Gates Rub- 
ber.” A Gates Field Engineer will come right to your 
plant and put at your service the full benefits of Gates 
V-Belt knowledge and experience without the slightest 


obligation! 
ENG, 515 





JOBBER STOCKS 













tating shaft is released. Inertia of the motor arma- rotate only when the roller and pinion are unlock 
ture and shaft then winds up a helical or coil spring By changing tension in the coil spring which cente 
attached to the second clutch half. Tension in the the balance, the period of oscillation of the bale 
wound spring stops the shaft, then reverses it until can be adjusted. Using a spiral or hairspring 

a pawl linked to the shaft has backed up to a stop tened to the balance at its center permits larg 
on the cam. The angular position of this cam can periods and greater precision. The patent, No. 2 
be adjusted by rotating the gear on which the cam 526,620. has been granted to Henri Jeanneret, 
is mounted. When the motor shaft is rotating in Chaux-de-Fonds, Switzerland. 

the forward direction at full speed, the pawl is held 
away from the cam face by centrifugal force. Dur- 
ing the slow-speed reverse rotation, however, a spring 
holds the pawl against the cam face. Casper S. 
Bednash and Gordon S. Burroughs have assigned the 
patent to Federal Telephone and Radio Corp. 








Simeuiriep ESCAPEMENTS, designed to replace 
more costly and delicate air-braked flywheels, cen- 
trifugal brakes, etc. in slow-acting timing relays, 
eliminate variations in speed of the gear train be- 
cause of changes in applied torque. A roller at- 
tached to the input pinion imparts an impulse to a 
pivoted disk or balance through one of two shoulders 
in a slot in the balance. When the balance is in a 
displaced position, further rotation of the roller, and | La, 
therefore the gear train, is prevented by a locking ; 7) 
surface on the edge of the slot which contacts and ' | 
holds the roller. As the balance returns to its center 
position, the roller is released and gives an impulse . 
to the balance wheel in the other direction. The in- VWAOMALIKE \ LAE: 
put wheel, on which a continual torque is applied, can 
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_ Tell Us Your Production Problems ...We’ll Help Yo 
Logan Manufactures 


6,975 Standard 
Cataloged Items 











Free Catalog On Request 
AIR CONTROL VALVES 


CATALOG 100-4 
AIR CHUCKS 
AIR CYLINDERS 

CATALOG 100-1 
AIR and HYDRAULIC PRESSES 


CATALOG 51 
' COLLET GRIP TUBE FITTINGS 

Two-jaw, combination type x CATALOG 44 

- HYDRAULIC CONTROL VALVES 

CATALOG 200-4 


HYDRAULIC CYLINDERS 
CATALOG 200-2; ALSO 80-2 


HYDRAULIC POWER UNITS 
CATALOG 200-1 


SURE-FLOW COOLANT PUMPS 
CATALOG 62 St 


CATALOG 70-1 








“Ss Let Logan Engineers § 
help you design your Air 
and Hydraulic Circuits. 


‘ $11 Center Ave. 
Logansport, !9¢ 
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TORRINGTON ///)// BEARINGS 























Tr et Ol 








... for faithful performance and smooth anti-friction operation: 


... for savings in machining time and costs. No grooves or 
shoulders are needed ... just a plain bore housing machined 
to proper dimensions. 


... for fast, economical assembly. A simple arbor press oper- 
ation seats the bearing by press fit. Spacers or retainers are 
not required. 

And you can help your customers reduce maintenance. 
Needle Bearings require a minimum of service attention. 

Our engineers will be glad to help you put these and other 
Needle Bearing advantages into your product. 

THE TORRINGTON COMPANY 


Torrington, Conn. . South Bend 21, Ind. 
District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON #//7/F BEARINGS 


SPHERICAL ROLLER 


TAPERED ROLLER + STRAIGHT ROLLER + BALL + NEEDLE ROLLERS 







LEADING MANUFACTURERS BUILD IN THE BIJUR SYSTEM 


2x SAK ET 


boosts production and cuts maintenance 


Designing an automatic lubricat- 
ing system into a machine doubles 
your prospects for user satisfaction. 


First, maintenance time. is con- 
verted into more time for produc- 
tion. A Bijur-lubricated machine 
oils itself during operation, doing 
away with wasteful down-time for 
lubrication. 


Next, maintenance costs are cut as 


LONG ISLAND 


206 


cir? 


effective bearing life is lengthened. 
The Bijur system provides positive 
Meter-Unit control of oil flow at the 
bearings, considerably reducing 
bearing wear. 


When you design that new ma- 
chine, call on the Bijur 

engineer. Meanwhile, for 

further information 

write for “The Travels of 

Modern Lubrication.” 
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on this latter premise that the 
cells were arranged. 

The next decision was probably tt 
most difficult one—integral tank 
| versus bladder cells. Numerous air 

planes were in service with integra 
| tanks and fuel leaks were too seriow 
to pass over lightly. Lockheed haji 
accumulated perhaps more experienc 
with this type of tank than any 
other airframe manufacturer and wai 
fully aware of the seriousness of the 
situation. Despite this, it was felt 
that a satisfactory integral tank 
could be developed in order to retain 
the weight advantage. Instead of seal- 
ing off a normal section of wing 
the tank area was established ani 
the wing structure was designed to 
fit the tank instead of vice versa. 
One of the more interesting struc- 
tural problems solved in the devel 
opment of the Constitution was the 
technique by which structural con- 
tinuity was maintained in the wing 


| without jeopardizing the ability of 


the integral gas tanks to contain the 
aircraft fuel. The basic decision was 
made that all surface structure would 
be broken at the tank walls and con 
tained again inside the tank so that 
no difficult sealing problem would be 
encountered due to piercing of the 
tank ribs by peculiar structural 
shapes. 


Supercharger Air Pressure System 


Air Systems: The source of air pres- 
| sure is the engine exhaust-driven 
| supercharger system. Since the air- 

plane is designed to operate at a 
cruising altitude of 25,000 feet, each 
engine is equipped with a turbo super 
charger. Thus, there exists a natural 
source of pressure air without me 
chanically driven  supercharging. 
Based on previous experience ob 
tained on the Constellation, an a& 
sumed rate of fuselage leakage, t 
be expected in service, was 30 pounds 
of air per minute. To assure su‘ficient 
safety margin, it was decided that 
each power source should contribute 
30 pounds of air per minute or 4 total 
of 120. 

In order to control pressure, 
as rate of ascent and descent within 
the fuselage, a completely au' ymatic 
outflow valve is installed immediately 

| behind the flight engineer. This valve 
is a large bell-mouth plug type which 
is motor actuated and was designed 
and built for the specific job Y 
| Minneapolis-Honeywell. To furthe! 
protect the airplane there is 
at the tail cone a pair of large pre 
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- Because design and assembly were important factors in the production of this Phila- 
wn delphia Gear Works LimiTorque Control, UNBRAKO Socket Head Cap Screws were 
4 specified. 
as UNBRAKO's knurled, slip-proof heads permit more expeditious handling, save 
to assembly time. UNBRAKO's greater strength provides extra safety for the user, and 
ds internal wrenching enhances the functional, attractive design. 
ont Why not investigate the advantages of UNBRAKO for your products? Write today 
nat for samples and information. 
ute 
tal 
Knurled Head Socket Cap Screws Knurled Head Stripper Bolts 
ell Fiat Head Socket Cap Screws SOCKET SCREWS Precision-Ground Dowel Pins 
rin Self-Locking Socket Set Screws Fully-Formed Pressure Plugs 
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sure relief valves which are sprir 


loaded and operate at excessive pr 


A man-size mechanical grasshopper would quirements. 

have to reach top speed in six feet, soar 200 To assure adequate distribution , 

feet high, and land without shock 500 feet the cabin air throughout the occupi 

away. How would you make one today? zones, as well as to conserve the se 
supply, a recirculating system is 

The prime source for heating ¢a) 

in, wing and tail surfaces is the @ 
gine exhaust system. A large he 
exchanger is installed in each 4 
the engine exhaust tail pipes so th 
all of the exhaust, under all operat 
ing conditions except take-off, passe 
through the exchanger. 


Four Isolated Cabin Zones 


The cabin is divided into four basic 
zones, each" isolated from the other. 
This, in terms of heating, means that 
the heat requirement in each zon 
can differ widely from any other, de 
pending not only on volume but on the 
type of load carried in each. 

The manner in which the heated air 
is distributed to wing and tail sur- 
faces follows generally conventional 
practice as it is known today. Initial 
tests of the thermal deicing under dry 
air conditions indicated that the anti- 
icing air temperature exceeded the 
limit of 300 F,. There was a further 
restriction imposed to limit the tem- 
perature in areas that contained ur- 
aged 24S-T to 200 F to prevent cor 
rosion and reduction of strength. Al 
areas in vertical and horizontal stabil- 
izers were affected by this limita 
tion. Temperatures in all areas were 

How to develop SPECIAL PACKINGS reduced to an acceptable value by 
e increasing the air flow through th 
with safety, speed and economy primary heat exchanger by providing 
: , , . F : a cold air passage through the center 

Success in developing special packings requires experience. of this heat exchanger. 
G&K-INTERNATIONAL were developing standard and LANDING GEAR: In the early stages 
special leather packings at the turn of the century. The intro- of the design, various landing geat 
duction of synthetic rubbers found them ready to compound, types were studied, including single 


mold, test and apply standard and special forms to meet and dual-wheel gears, track-typ 
gears, and the four-wheel type finally 


proces requirements. chosen. Subsequent development of 
Who’s Who in Industry come to G&aK-INTERNATIONAL this landing gear, which was selected 


for practical packings applications which have the required because it appeared to take up _ 
physical and chemical properties . . . pass rigid inspections imum space in the wing and appeare 


way" ; to have the maximum load carrying 
+ «+ promote economies in assembly and service. . . . Let’s ; rae eicht, al 
capacity for a minimum weight, 


prove it in your case. ply justified the original conclusio?. 


— 


+) and Leather | 
etic) a Of interest in the basic gear desig 


T j @) N A L is the fact that the two landing geal 


were tied together by a sliding trom: 

ORATION bone type of strut, as shown on Fie 

S CORP IRE 6, which keeps the geare angry 
H with the other and replaced the 

N E w H A M P $s mal scissors type of alignment mech 

anism which is structurally in fficient 

and, as a result, extremely heavy: 


, ae FalSPoe The trombone principle was alse 
GRATON & KNIGHT COMPANY +atpech we, utilized in carrying the brake pre* 
WORCESTER, AASCACREEETTS ‘Since 1851 aps sure line from the major structure 








Trombone Strut Landing Gear 
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INCENTIVE-INSPIRED CO-ACTION 


LINCOLN PLANT CREATED BY 


NEW 


OLE Co. 1951 


the ACTUAL 


increasing the 
YIELD 


Fig. 1. Cross section through an iron cantilever 


beam designed to resist a bending moment. 


than Figure 1 to achieve equal strength in bending. 
the IMMENSITY 


Fig. 2. Tee section through comparative beam 
fabricated by welded steel. Needs 75% less metal 
of the POSSIBLE 


th less metal... 
at lower cost 


wi 


stronger products 
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THE LINCOLN ELECTRIC COMPANY 
CLEVELAND 1, OHIO 


Machine Design Sheets free on request to designers and engineers. Write on your letterhead to 
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‘We can carry twice as many passengers now 
that we have our ceilings covered with slip- 
resistant 4-WAY Safety Plate.”’ 
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For greater safety under foot, 


wo: 


in your plant and on your products 


Inland 4 Vlay | 
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More Traction Adds Strength 


New Bulletin with New 
ideas — Just Out! Bulletin 
Fl. Complete engineering 
and application data. 


INLAND STEEL COMPANY, Dept. MDS! 
Send for it! 


38 Se. Dearborn St., Chicage 3 , Wi. 
Sales Offices: Chicago, Devenport, Detroit, 
indionapolis, Kansas City, Milwaukee, New 


York, St. Louis and St. Paul, STOCKED BY LEADING STEEL WAREHOUSES 


down to the wheels, replacing ty 
usual flexible line which would hay 
been extremely large on this ge 
due to the long stroke. 

The rigidity of the structure anj 
the simulated air loads on the lani 
ing gear apparently were not th 
same as in flight because deform. 
tion of the structure resulted in bini. 
ing of the down locks. This was cor. 
rected by providing more clearance. 
Main landing gear wheel prerotatia 
has an effect on structural desig 
since it substantially reduces the drag 
load on the gear. Each engine-drivea 
120-v generator drives the prerots- 
tion motors for a pair of wheels. The 
motors turn the wheels to an equiva: 
ent speed of 80 mph +10 per cent. 
Upon contact with the ground, the 
prerotation motors are shut off by 
the main landing gear scissors switch 
Aside from the reduction in structur- 
al loads, there are other benefits to 
be realized from the prerotation in- 
stallation—structural life, tire life 
and passenger comfort. 


Unique Wing Flap Mechanism 


WING FLAP SYSTEM: Another major 
mechanical development program in- 
volved the design of the wing flap 
system and the tracks. Since it was 
desirable to carry the wing rear beam 
aft as far as possible on the wing to 
clear the landing gear cutout and in- 
crease the wing tank capacity, the 
problem of obtaining large chord 
flaps of the Fowler type was sub 
stantially increased. A system was 
finally evolved, however, which proved 
to be one of the most satisfactory 
ever developed at Lockheed. The 
principle is basically that of the fil 
ing cabinet drawer mechanism it 
which a subtrack travels on a basic 
rail and the flap itself travels on the 
subtrack. Fig. 7 illustrates the wing 
flap mechanism. 

A combination system was evolved 
which retained the weight advantages 
of the cable drive and avoided the dif- 
ficulties of rigging by interconnecting 
a simple cable system at each track 
with a torque tube which actually 
drove each track system from the 
basic drive in the fuselage. Thus 
each cable system was short and any 
rigging of any truck cable had n0 
effect whatsoever on the rigging 
the other track cables. This pe rmitted 
simple adjustments and, since each 
cable system was short, no “out of 
rig” problems have occurred due to 
the deflection of pulley brackets, etc., 
which plague a normal long distance 
cable system. 

From a paper entitled “Th Lock- 
heed Constitution Developmen 
Story,” presented at the SAE Annual 
Meeting in Detroit, January & 12, 
1951. Complete copies may be obtained 
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PROVED- 


by low upkeep cost records 
in every type of service 


JENKINS BUILDS 
EXTKA VALCE 


INTO VALVES 


— yet, despite this extra value, you pay no 
more for Jenkins Valves. For new installations . . . 
for all replacements, let the Jenkins Diamond 
be your guide to lasting valve economys 
Jenkins Bros., 100 Park Ave., New York 17. 
Jenkins Bros., Ltd., Montreal. 


CHEMICALS 


SOLD THROUGH 
LEADING INDUSTRIAL 
DISTRIBUTORS 
EVERYWHERE 
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Electric Man and Material Hoist at the Pana, Illinois 
mine of the Peabody Coal Co. This hoist, manu- 
factured by Robert Holmes and Bros. Inc. utilizes 
two Fawick 28CB525 Dual Clutches onboththe man 
and material drives. A Fawick 21.5E475 Unit is 
used on the motor shaft as an auxiliary brake. 


Fawick Airflex Clutches play a very important part in the 
operation of this heavy-duty mine hoist, where the repeated 
starting and stopping throw heavy loads on the entire 
drive mechanism. 

The two Fawick Dual Clutches installed on the low and 
high speed drives provide vital operating characteristics. 
They give instant response to remote control from the 
“hoistman’s”’ station, permitting “‘shifting’’ of hoist speeds. 

The cushioning action of the flexible Fawick Clutch 
operating tubes reduces load shocks to the gearing. 

These same operating characteristics plus the rugged 
design and simplicity of Fawick Clutches and Brakes con- 
tribute greatly to long, top-efficiency operation in indus- 
trial applications. On this, as on many other installations, 
Fawick Clutches make good machines better. 


FAWICK AIRFLEX CO., INC. 
9919 CLINTON ROAD, CLEVELAND 11, OHIO 


from SAE, 29 W. 39th St., New York 
18; $0.25 each to members, $0.50 tp 
nonmembers. 


Personal Progress. 
in Machine Design 


By J. F. Downie Smith 
lowa State College 
Ames, lowa 


HAT would the young gradu 

ate have to do to prepare him- 
self for promotion in the field of 
machine design? Probably, at the 
very beginning, he would be put on 
a board and would work as a é- 
tailer, taking the designs prepared 
by a competent designer and prepar- 
ing the details for production. This 
is a very necessary training for a de 
signer. No man should really class- 
ify himself as a designer who doesn't 
know how to make the individual 
parts in the shop. Also, in conjunc 
tion with this detailing experience, 
the student should take a course in 
the shop, in order to acquire at least 
a superficial knowledge of how the 
various machines operate and how 
parts are made. This gives him 3 
clearer picture when he starts to 
make details, and, if undecided how 
to make a particular part, his ma 
chine-shop training would stand him 
in good stead. 

After getting this machine-shop 
and detailing experience, it would be 
expected, if he shows promise, thal 
he would be put on layout work and 
then on the designing of smal! parts, 
and eventually on more complicated 
machines. Before a man can become 
a designer he should not only have 
the ability to create new designs but 
also have the capacity to think i 
three dimensions. If there are mov 
ing parts in a compact machine, the 
designer must be able to visualize iD 
his mind how these parts are going 
to behave relative to one another, 
and whether, for example, there might 
be interferences. It is much cheape! 
to eliminate interferences on the 
drawing board than in meta! 

Engineering is not a static pre 
fession. New materials and new de 


signs are being developed constant 
ly. Thus it would be expected thal 
a young graduate should try 10 keep 
up with the world after he has grat 
uated and not assume that he has 
acquired all his education. For ex 
ample, in the design of parts of # 
machine, a new development might 
indicate that a certain plastic ™® 
terial would be better suited thaD 


For specific information on all advan- 
tages of Fawick Clutch and Brake 
units, write to the Main Office, 
Cleveland, Ohio, for Bulletin 300. 


-$ 


INDUSTRIAL CLUYC BRAKES 
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@ The Bellows Air Motor is a complete air cylinder power 


0 to unit, with directional valve and speed controls built-in. 























It requires only one air connection which can be made with 
flexible hose e The electrically-controlled Bellows Air 
e Motor takes less than half the space required for a con- 
T A | % ventional air cylinder set-up of equal power. Compact and 
e complete, it fits well into cramped quarters or on moving 
machine elements e The built-in ELECTROAIRE VALVE* 
is solenoid-controlled, but air-powered. It’s bullet fast, 


A ° C li re| speeds up to 2200 movements per minute. But there's no 
| Air Cylinder 


ad pounding, no overheating. In fact, the solenoid control units 


him- 4 e | if bd are guaranteed against burnout. The low voltage used to 
- IMPIITIeS : iad 

the p operate the solenoid controls (8 volts) makes this unique 
air cylinder electrically safe for operators and machines. 


o « 
‘| Designin 
ared g g The low voltage simplifies wiring, permitting safe, positive. 


This interlocked electrical circuits with a minimum of design 


a difficulties. e Design with air in mind. With electrically 
ass Bf 
sat controlled Bellows Air Motors you can eliminate cams, 


a. levers, gears, linkages or other mechanical means for per- 
net, forming push, pull or lift motions . . . saving designing 
e i 
east time and production costs. 
the This new 30-page booklet 
7 tells the complete 
|) een The Bellows Co. 
how ire FOR IT T 
_ wR ea AKRON 9, OHIO 
him Address The Bellows Co. a 
Dept. MD551 | 
hop Akron 9, Ohio a= The Bellows Air Motor illustrated is Model BEM5-25 
“ Ask for Bulletin. CL-30. | Bore es ( 213" bore, 214” stroke). Other bore sizes are 114”, 
ad No cost. No obligation. 134”, 242”, 39%” and 4/2”. Any stroke length. Model 
rts, shown is equipped with the ELECTROAIRE VALVE 
ited for full electrical control. Air motors with manually 
ome 


operated valves are also available. 


ave * 
but TM REGISTERED. PATENT PENDING. Sealed solenoid control unit 


(Retract stroke) 


- 

o~ Forged steel heads Vetve, either Manual or 
g t 

the Heavy brass cylinder SenreEe 









Exhaust block Terminal 


Piston rod threaded 
Equipped with nut 


> in 
ing 
her, 
ght 
per 
the 







Wrench flat 


Air inlet 







hat 
eep 





ad- 
has Independent speed controls Sealed solenoid control unit 
ex: Transfer tubing (Advance stroke) 





a Electroaire valve 
f Foot mounti f 
ght positions ngs adjustable to four 
na- 
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The fact that Winsmith has today the 
most complete, fully standardized 
line of speed reducers (from frac- 
tional to 85 hp), never for a moment 
diminishes the highly personalized, 
power transmission engineering ser- 
vice which it has always stressed. 


For regardless if it appears that 
your needs can be amply served by a 
standard design and size, Winsmith 
still encourages consultation with 
your design engineers or consultants. 
It can save you considerable time and 
costs in engineering and installation. 


So, whether your equipment is an 
automatic pin spotter or an automat- 
ic washing machine, a can filler or a 
compressor, a printing press or a 
pump... consult early with Win- 
smith’s factory trained nationwide 
representatives, while your product 
is still in the design stage, if possible. 
Naturally, no obligation is involved. 
Names and addresses of Winsmith 


engineering representatives in your 
locality, gladly furnished. 


WINFIELD H. SMITH 


CORPORATION 
16 Elton Street 
Springville (Erie County) N. Y. 
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steel. Unless the young man wy 
aware that the new plastic existe, 
he would be in no position to deter. 
mine whether it should be usec. Pe, 
haps the easiest way for th: young 
engineer to keep abreast of ney 
developments is to mauntain an @. 
tive membership in a_ technica 
society. The mechanical engineer, 
for example, could maintain member. 
ship in the American Society of Me 
chanical Engineers and should read 
the technical articles which might be 
of use to him in his daily work. This 
of course, is not enough. Many 
things are developed which are not 
published. Sometimes a man can 
get considerable help by talking 
things over with other workers in 
the same general field. This, gen- 
erally, means that the man has to 
acquire acquaintanceship with § sev- 
eral engineers, at least, in his neigh- 
borhood. 

In order to take part in activities 
either of the national or local branch- 
es of the Society, the graduate should 
not become merely a listener. He 
should participate. This means that 
he should acquire the ability to write 
and to speak effectively. Unfortu 
nately, in the past, engineers have 
paid too little attention to the ability 
to speak in public, and this has been 
reflected in salary scales. For mat) 
years, however, it has been apparent 
that engineers have been paying more 
attention to it, and this has show 
up in the promotions made by me 
in the engineering field. 


































Promotions to Executive Increasing 





The percentage of engineers wh? 
have come up through the ranks 0! 
designing to reach positions of pron 
inence is increasing steadily. The 
only trouble is that there are so few 
such men that generally a choit 






































cannot be made, and thus the oppor Biel 
tunities for the young men with col a 
lege training, creative ability, an lee 
some shop experience are very grea 
Any executive today should know Pose 
something about business, (00, and By | 
thus if a designer is expecting to be Welk 
promoted eventually to a position ® only 
responsibility, he should not ignor a m; 
the business aspects of engineeriNt@ saviy 
He should know, for example, ho 
to read a balance sheet, how to pre Cony 
pare a budget, how to prepar: intell: etn 
gible reports to be read by busines* Stee! 
men, and how to defend engineerin oul 
eers gu 






practices in talks with nonens!n 
‘Machin 






From a paper entitled 
Design as a Career,” presented at the 
ASME Annual Meeting in New York 
November 26-December 1, 1950. Co” 
plete copies may be obtained from 
ASME, 29 W. 39th St., New York ¥8 
$0.25 each to members, £0.50 to "Oo" 
members. 
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PRODUCT DESIGN STUDIES © NO. 19 


15% Saving Accomplished 
By Using Cast-Weld Construction 


Fight of these 3-ton rolling mill pinion housings 
were required. The design being different from 
housings frequently produced as single steel castings 
posed the need for new pattern equipment. 


By producing the housing as two steel castings and 
Welding them together to form the desired shape, 
only a half pattern was required and the need for 
amain body core was eliminated. Result —a 15% 
saving in over-all cost. 

a 


Conversion of some of your parts to foundry engi- 
meered cast-weld assemblies and foundry engineered 
steel castings — through close cooperation of your 
“gineering department and the steel foundry — 


STEEL FOUNDERS’ 


920 Midland Building 


may result in more production, of better quality, in 
less time and with less metal. 


Your steel foundry representative will welcome an 
opportunity to make available to you his company’s 
long experience plus the full results of the develop- 
ment and research program carried on by the Steel 
Founders’ Society of America. 


An Urgent Message About Scrap... 


There is a serious shortage of iron and steel scrap. Your com- 
pany can help insure the continued high production of all 
metal products by getting your scrap into the hands of your 
scrap dealer. Will you do what you can to help... now? 


SOCIETY OF AMERICA 


Cleveland 15, Ohio 


Design and Build With Steel Castings 
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FROM FULL SPEED 
TO STANDSTILL IN 1/5 SECOND 


... With Star-Kimble Brakemotors on American Can Closers 


@-.. scarcely a chance that a can will jam on a closing machine 
ilt by American Can Company—but American takes every precaution to 
avoid jamming damage. 


In the machine shown, which seals 300 cans a minute at the Newark 
plant of the G. Krueger Brewing Company, power is automatically cut off 
if jamming occurs. Then a Star-Kimble Brakemotor brings the machine 
to a stop within a single can cycle—that means within onefifth of a second! 


Whether split-second stops like this are needed only in an occasional 
emergency ... or whether the service calls for repeated start-stop cycles 
at short intervals . . . you can count on the extra-large disc area of a Star- 
Kimble Brakemotor to provide —- braking and positive holding. 
Starts are fast and smooth, too—free from friction drag. Small magnetic 
air gap assures speedy brake release. 


In thousands of applications, under the toughest conditions, Star- 
Kimble Brakemotors have proved their ability to run for years with little 
or no attention. Remember... with its motor and brake dxi/t together to 
work together, each Brakemotor is an integral, space-saving unit designed 
for its specific job by the pioneer makers of disc brakemotors, and backed 
by more than 25 years of application experience. 


For full information on construction and 
ratings, write for free Bulletin B-501-A, 


-KIMBLE 


MOTOR DIVISION OF 
MIEHLE PRINTING PRESS AND MFG. CO. 


201 Bloomfield Avenue Bloomfield, New Jersey 


OF MANUFACTURERS 


Reynolds Metals Co. has taken ov 
the management of the United State 
Air Force’s Manufacturing Method 
pilot plant at Adrian, Mich. The $2, 
000,000 government-owned and indy 
try operated facility will be used fo 
developing forgings and extrusig 
techniques and the proving of the 
oretical designs. No actual produ 
tion will take place in the plant under 
the contract with Reynolds, except ir 
the case of emergency. The planti 
to be operated by Reynolds without 
fee or profit. 


. 


Bronze Bearings Inc., Cranford, N 
J., has been organized to take ovel 
the manufacture and sale of bronz 
bearings, bushings, graphited oil-les 
bearings, and nonferrous castings for 
merly produced by S & H Bearing 
Mfg. Co. Several installations 1 
new equipment have been added t 
the machine shop, as well as to tl 
foundry; new handling equipment h 
also been installed. 


o 


J. J. Tourek Mfg. Co., manufs 
turer of precision screw machine pm 
ducts, ball joints and pipe plugs, » 
started construction on a new pla 
at 1901 S. Kilbourn Ave., Chicag 
Ill. The new one-story structure Wi 
have an area of 60,000 sq ft, twi 
the space of the company’s presell 
quarters. 

7 


Hanna Engineering Works, Chi 
cago, Ill., manufacturer of hydraul 
and pneumatic cylinders, valves 4 
riveters, is celebrating its fiftieth am 
niversary this year. 

7 


General Electric Co.’s Aircraft 6 
Turbine Divisions, Cincinnati, O., ¥ 
further development of a nuclear 
actor for aircraft. The Atom 
Energy Commission has «uthori# 
negotiation of a contract for the ae 
velopment. 

+ 


Westinghouse Electric 0'P- 
announced that its J40 turbojet ® 
gine has completed qualification t 
and is now going into substam 
production. According to we 
house’s Aviation Gas Turbine 
vision, South Philadelphia, Pa., PY 
duction of the engines will prow 
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on You are always welc Shere—in our Customer Engineering Service— 
e c 
ons where we discus blems that deal with tubing and its various functions. 
ded tt 
be x There’ oint in your struggling with a tubing problem 
when you can have t wer so readily here in Customer Engineering Service. 
anufs vast experience of more than three decades of 
ine pro 
igs, hi extensive making is represented within this department. 
vy plat 
An And it’s all avai for you to draw on without cost. 
ure Wi 
, oe Jug#ba@mause tube is immobile when installed, don’t dismiss it 
pre 
as something eeds no more consideration than that. In its diverse forms 
=" it can serve you efficiently or inefficiently. 
vdraull 
a an The o think about the specifications of your tube requirements is before 
— you make your installations—before you encounter difficulties— 
so an be sure that the product you are building—that 
raft G 


0..¥ ain or fabricated tube—will function in the highest degree of efficiency. 


lear © 





WOLVERINE TUBE DIVISION 


Calumet & Hecla Consolidated Copper Company’ 
INCORPORATED 


Monufacturers of seamless non-ferrous tubing 
1433 CENTRAL AVENUE e¢ DETROIT 9, MICHIGAN 

















orp- 

bojet @ 

tion tes 

instant | | PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA 
westim . 

be ; Sales Offices in Principal Cities 

Pa., PB 
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Export Department, 13 E. 40th St., New York City 16, N.Y. 
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CHIKSAN 


STANDARD APPLICATIONS FOR 
CHIKSAN AIRCRAFT SWIVEL JOINTS 
FUEL DUMP CHUTES * WING FOLD ¢ 
FLIGHT CONTROL * OXYGEN LINES 
* HYDRAULIC LINES, LANDING GEAR 
* FUEL AND OIL TANK SWING INTAKES 


-»e-@ great name at MACH I 


No need to waste precious time...and 
money...on design, mock-up and testing to 
develop Swivel Joints for your flexible lines. 
CHIKSAN Ball-Bearing Swivel Joints are 
proved now for all kinds of applications. 


With CHIKSAN Swivel Joints, you can 
build flexible lines with all-metal tubing 
which permit tight bends and fit into limited 
space... lines which permit unlimited flexi- 
bility without drag or sag...lines which 
assure maximum safety and dependability 
under pressures to 3,000 psi. (to 15,000 psi. 
on industrial applications). 

CHIKSAN performance is proved by the 
continued acceptance of leading Aircraft and 
Industrial manufacturers for applications in 
civilian and military equipment for use on 
land, on the sea and in the air. 


(a) Basic Type Swivel Joints —for pressures from 125 psi. 
to 15,000 psi. (b) High Temperature Swivel Joints for 
temperotures to 500° F., working pressures to 700 psi. 
(c) Rotating Joints for 150-lb. steam, brine, etc. For hot 
and cold rolls, tumblers, platens, etc. (d) Sanitary Swivel 
Joints for food processing, fruit juices, doiries, etc. (e) 
Hydraulic Swivel Joints for pressures to 3,000 psi. For air- 
croft, industrial and armored equipment. (f) Flexible Lines, 
designed and fabricated to meet specific requirements. 


ey “A 


Q ; 
e 
WRITE FOR CATALOG NO. 50-AH 


Representatives in Principal Cities 


CHIKSAN COMPANY ano sussipiary companies 


f 


NEWARK 2, N.J. BREA, 


Typical CHIKSAN installation 
on hydraulic lines for aircraft 
landing gear. 


Brake line installation on 
torque link in aircraft brake 
system. 


CALIFORNIA CHICAGO 3, ILL. 


CHIKSAN EXPORT COMPANY, 155 WASHINGTON ST., NEWARK, N. J. 
WELL EQUIPMENT MFG. CORP., HOUSTON 1, TEXAS 


BALL-BEARING SWIVEL JOINTS FOR ALL PURPOSES 





employment in 25 states. A single 
engine contains 14,000 parts, and the 
production of each part requires jp. 
dividual skills and plant facilities 
Assembly of the engine will be a 
the Division’s headquarters plant in 
South Philadelphia and at its new 
facility in Kansas City, Mo. 


¢ 


Allied Metal Specialties Inc., 515 
N. Charles St., Baltimore, Md., a rm 
cently formed company, has begun ae. 
tivity under the direction of R. B 
Lee Mowbray, who was formerly a 
sociated with Cambridge Wire Clot 
Co., Cambridge, Md., as manager of 
the fabricating division. The n 
company designs and fabricates 
types of special fixtures from am 
metal or alloy. Complete facilities 
are available for the fabrication ¢ 
plate, sheet, strip, wire, bars, 
shapes. The company will speciali 
in equipment designed for high-tem 
perature and corrosive applications 


° 


Baldwin-Lima-Hamilton Corp. } 
acquired the assets and business of 
the Austin-Western Co. Aurora, Il 
Austin will continue to serve its cus 
tomers under its own name. 


° 


Rosan Inc., South Gate, Calif., hé 
opened a new foundry division. TM 
added foundry facilities will perm 
utilization of the patented Ros 
molded-in-insert with protector 
in castings of specific design. T™ 
foundry also will be engaged in 
extensive research program direc! 
mainly at testing new applications ‘ 
the insert and developing new cas 
ing methods. 

+ 


Worthington Pump & Machine 
Corp. has broken ground for a Vv 
tical turbine pump plant at Succ 
sunna, N. J. The one-story plant 4 
be known as the Succasunna Wor 
of Worthington. It will be used 
manufacture vertical pumps to 
customers East of the Mississi 
River as well as customers abrv 
The vertical pumps are used for 8 
eral irrigation work, undergrou 
and surface water supply, and for 
dustrial purposes such as |ifting © 
mercial and aviation fuel from uné 
ground tanks. 

* Be» 

Nash-Kelvinator Corp. 545 recelV 
a letter contract from the U. 8. #8toq 
Force to build large quantities 
Pratt & Whitney R-2800 “™ 
Wasp” aircraft engines. The % 
is for the 18-cylinder radial ait 
engine which develops about 
hp. The R-2800 is an advanced 
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a product of imagination >>. 




















¢, fess With an ideal combination of electrical and mechanical properties 


n. Th 


perm 

Rost By working alongside folks like yourself—at design desks, workbenches, and in 

os - laboratories—we've acquired a good idea of the time, care, and imagination 
oad you pour into the engineering and production of your products. The thick- 

irecté skinned insulation tube for an expulsion fuse shown here is a good example. 

ions | The manufacturer wanted moisture resistance, high strength, weather resistance 

die plus excellent arc resistance—all wrapped up in a material that was easy to 


machine. Working with him, and using a little imagination, C-D engineers came 
up with two different plastics: Laminated Dilecto Tubing for the wall, and 
chine Vulcanized Fibre for the core. 


aad It's another example of how you, too, can depend upon C-D to engineer 
; the right laminated plastic for your needs. For C-D has no “‘axe to grind.” We 
ant W : 
Work can recommend from five basic plastics subdivided into a remarkably wide 
used range of grades and combinations of grades to supply almost any combination 
0 s¢ of mechanical, electrical, and chemical characteristics. For this kind of help 
po and imagination, call your nearest C-D office, any time. 
abrod 


‘or ge 
rgroul 

for ! 
ig col 
1 und 


. by et f CELORON (Molded High-Strength Plastic) 
ducing er Prog MICABOND (Bonded Mica Splittings) 
9 Vey DIAMOND FIBRE (Vulcanized Fibre) 
& VULCOID (Resin Impregnated Fibre) 
DILECTO (Laminated Thermosetting Plastic) 


Srour Partner 1% ® 





ta 5 


“™ 
~ OFFICES: NEW YORK 17 + CLEVELAND 14 + CHICAGO ll * SPARTANBURG, S. C. * SALES OFFICES IN PRINCIPAL CITIES. 
OAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 « IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8 


\ 
Oe, Leivond Ft 






shed 1895 .. Manufacturers of Laminated Plastics since 1911 — NEWARK 23DELAWARI 
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sion of the World War II type ; 
is used in Air Force trainers y 
cargo planes and Navy fighty 
trainers and cargo craft. A lay 
building program will supplement e 
isting Nash-Kelvinator factory facij 
ties. The engines will be assemble 
in Kenosha, Wis., and tested in t 
facilities built there for World War 
production. Some component pari 
will be manufactured in exist 
plants in Kenosha and Milwaukee. 


SEALMASTER 

Flange Units are 

used on this 165- 
foot long heat-treat- 
ing machine manufac- 


+ 


Monsanto Chemical Co. is negoti 

saok Ge ae tees ing with the United States Pipe a 
Sapinccitan Co.0f Chitosan Foundry Co., Burlington, N. J., ft | 
for the automotive industry. the purchase of a 115-acre site 

/ several buildings in Addyston, 0, Ti 

new plant, located on the Ohio Rivg 

and abutting the city limits of 
cinnati, O., will be operated as 
part of the company’s Plastics D 
vision. Initial operations of the1 
plant call for production of Lustre 
styrene molding materials and Re 
inox phenolic resins. Installation 0 
equipment will begin as soon 4s pul 
chase negotiations are completed 
production is expected early neq 
year. 


Dependable, Smooth running 


Low-maintenonce Operation 


with 





¢ 


ee eee ee Ce, 


Cartridge Unit 
Cannon Electric Co. is the ne 


name of the Cannon Electric Deveé 
opment Co., Division of Cannon Mf 
Corp., Los Angeles, Calif., manufaq 
turer of electrical plugs and sign 
equipment. The change in name 
for simplicity and brevity. 


Machines and equipment of all types 

give better and more economical performance 
when equipped with SEALMASTER Ball 
Bearing Units. Operating efficiency is greatly . 

increased ...and maintenance needs cut American Type Founders Inc., 
to an absolute minimum. Long-lasting, begun mp “ the “a = 
dependable service under the most difficult a SS ae ae ters Walker Bul 
conditions is assured by SEALMASTER’S dog light tanks. 

exclusive combination of features. The . 

complete SEALMASTER line includes pillow Cummins Engine Co., (Columb 


blocks, flange, take-up and cartridge units. Ind. is expanding. A new Stom 
Center building with 92,000 sq ft a 


an extension of 9600 sq ft ‘o its? 
DD Fuel Pump building wi!! bring 
60 per cent the five-year increase 
Cummins lightweight dies' ené 


Pillow Block 


Flange-Cartridge Unit 


THESE Proved Features PAY OFF! 
1. PERMANENTLY SEALED! 3. PRE-LUBRICATED! 


Felt-lined steel flinger ro- 
tating in labyrinth pre- 
vents entry of dirt or loss 
of grease. 


2. SELF-ALIGNING! 
Bearing unit with seals 
independent of housing, 
aligns itself without seal 
distortion. 


Proper amount of lubri- 
cant is placed in bearing 
chamber before ship- 
ment... Unit is ready for 
immediate use. 


4. NO HOUSING WEAR! 
Patented locking pinand 
dimple prevent rotation 
of outer race in housing 
and positions bearing for 
re-lubrication ...No 
housing wear means 
quiet operation. 


seanine/— —~orwisron 


Get the facts! Write 
for your copy of 
Catalog 845... It 
gives dimensions, 
load ratings and en- 
gineering data on the 
complete SEALMASTER line. 


STEPHEN S- Ap 








production capacity. Th 
ture during this period h 
$6,000,000. 

. 

HPL Mfg. Co., engag: 
short-run stamping bus! 
moved to a new and larg: 
15210 Miles Ave., Cleveland 


° 


Janette Mfg. Co., Chicag 
purchased the subfractiona! 


tors, gearmotors, rotary ‘ 


and motor-generators, Janette rec 
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ent Kodagraph 
‘““] Avutopositive 


fees /F2 CTI SUTELT - 


eXistin 


“Ta new w photographic intermediate material ‘that —_ up print-making ...d 


z LilnOClnGlling) 


So sediediannt sien you can ae read 
details on opposite side 


more translucent “regular” Autopositive 
—for faster quantity-print production 


Here is a new type of Kodagraph Autopositive Paper 
..especially designed to give you increased speed 
in large-volume print production. 


Like “regular” Autopositive, Kodagraph Autoposi- 
tive Paper, Translucent can be handled in room light 
..prints directly to a positive in familiar reproduction 
equipment ... is processed in standard photographic 
solutions. It reproduces original detail sharply, crisply 

..and its dense black photographic lines will not 
fade, smudge, or wear off. 


But this new paper has an important “extra’”’ 
which you'll spot at first glance—an entirely new base 
.Temarkably translucent . .. remarkably durable. 


Its 30% extra ives enables you to turn 
out sparkling blueprints or direct-process prints faster, 
which lowers production costs considerably in large- 
volume work. And it makes practical and convenient 
the general use of “reverse-reading” intermediates 
\which assure final prints of top quality). 


Its extra durability simplifies the handling of 
larger-size sheets . . . offers increased resistance to 
Wear and tear in print-making and drafting. 


MAIL COUPON TODAY ‘ 
- for full details on Kod: agraph 

Iatoposit e Paper, Translucent. 

Intermediates on this 

new paper (which 

you or your com- 

Mercial bli: printer 


Reverse-reading intermediates, while better for print- 
making, used to be a problem in the drafting room. 
But no longer! Now the draftsman simply turns this 
highly translucent paper over ...reads through the 
back—sees every detail sharp and clear. Additions, 
when necessary, are also made on this side. 


Another drafting “PLUS.” Unwanted detail can be 
removed from an Autopositive Translucent print in 
seconds with an ordinary eraser, without appreciable 
effect on the base, when the area involved is moistened 


slightly. 


EASTMAN KODAK COMPANY, INDUSTRIAL PHOTOGRAPHIC DIVISION 15 
ROCHESTER 4, N. Y. 


Gentlemen: Please send me a copy of your new free folder describing Kodagraph 
Autopositive Paper, Translucent. 


Position 
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JOHN STREET 





. and we’ve had it for more than 60 years . . . a burning 
ambition to make constantly better springs. 


As long-time specialists in hot or cold wound springs, our 
engineers are often instrumental in helping people like yourself 
improve product performance and reduce production costs. 
Our old customers (and we hope you will become one) have 
learned to look to No. 2 John Street as a thoroughly reliable 
and unusually prompt source of supply. 


AMERICAN-FORT PITT SPRING DIVISION 
H. K. Porter Company, Inc. 
No. 2 John Street, McKees Rocks, Pa. (Pittsburgh District) 


CCL 


AMERICAN-FORT PITT 


SPRINGS | 


| 
| 


ly announced the expansion of its; 
tegral series in gearmotors. With 

acquisition of the Robbins line, 4 
company will be producing zearp 
tors ranging from 1/150 through? 
hp. Janette has also purchased § 
acres of land in the Skokie suburty 
district of Chicago for the creeti 
of a one-story plant with 91,000 

ft of manufacturing area. 


° 


Rockwell Mfg. Co. has organized 
separate division at its Freeport, I 
plarft to fabricate armor plate. Fu 
rication will involve several of th 
existing buildings of the company 
Arcade plant and will be recognizs 
as the Freeport Division. The Ar 
cade Division will continue to pm 
duce wood and metal working powe 
tools. 

. 


Foxboro Co. is completing a new 
one-story plant which will add 50,0 
sq ft to its main plant in Foxbon 
Mass. The new building will be used 
principally for the final assembly ai 
testing of recorders and controlle 
for temperature, pressure, liquid leve 
and flow. Transfer of these oper 
tions from the older building wi 
permit expansion of departmen 
which produce electronic and ele 
trical instruments of other descri 
tions. In addition, a new training 
school building is being erected 1 
the immediate vicinity. 

. 


American Machine & Foundry ¢ 
has acquired the ownership of t 
Cleveland Welding Co., Cleveland, 0 
through a $3,000,000 cash transactio 
The demountable truck and tract 
rims, bicycles and other circula 
welded products manufactured } 
Cleveland Welding will be added ! 
the line of specialized andi gener 
purpose machinery produced by AMF 


+ 


Arrowhead Rubber Co., « subsil 
iary of National Motor Bearing “ 
Inc., at Downey, Calif., ha: taken 
five-year lease on the building at 235 
Curry Ave., Long Beach, Clif. ™ 
company will transfer its aircré 
duct division there. Acquisition ° 
the new lease will add 27.00 sq" 
of manufacturing space, pr. re thi 
triple the area now occupi:: by the 
division, and will releas: valuabit 
space for the manufacture ©’ oil % 
parts and silicone rubber | jucts. 


¢ 


Air Reduction Co. Inc. is 
ing a new plant at Calveri City, } 
miles east of Paducah, Ky. Costing 
upwards of $10,000,000, the plant 
be used to increase the supply of d 


ynstruct 
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ore Power to You 


6. Piston rod and 9. Keeper ring construction eliminates tie 
assembly firmly rods and permits rotation of covers to 
secured. Align- convenient pipe locations. 
ment assured by 
close-fitting pilot 
and shoulder. 





8. Large pipe connections, providing 
ample cored or drilled passages. 
























1. Self-adjusting composi- 
tion rod packing. Axial 
holes through rod bearing 


nized 



























ort, Ill 

2 ri provide for pressure dis- 

aaa os, posal on packing members. 

of th Seal effect proportional 
mpany’ to cylinder pressure. 
ognize 
“he Ar 

to pr 
r powel 

a new 7. Heavy-duty 
1 50,00 alloy covers, 
‘oxboro bored to fit a 
be us turned diameter 
bly a on tube. 















2. Ample bronze rod guide. 
Rod bearing provided in 
Grea exposed to lubrication. 


troller 
id level 










10. “O” ring seals. No 
gaskets required. 





















opers 

1g wil 3. Over-size, ground and 4. Closely-fitted 

' polished alloy piston rod. step-seal-cut 

tmes piston ririgs or 
lee pack: ist 

ft 11. Seamless drawn steel tubing, ass Oa oa 






lesen precision honed. 
raining 5. Heavy-duty alloy cast pistons 






























ted il with large bearing surfaces. 
SEVEN 
STANDARD : 
MOUNTINGS 1 } 
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nd, 0 Clevis Rabbet Center-Line 
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ed ! CYLINDERS 
ded | . Blind End Flange Trunnion Rod End Flange 

















reners 

AMF 

subsid You'll find the performance of Rivett hydraulic Available in three pressure ranges: to 300 P.S.I. 

ng cylinders close to foolproof. Designed with the ut- |= maximum and 1500 P.S.I. maximum service with 

ken most simplicity, they have no tie rods—keeper standard models. 3000 P.S.I. maximum and higher 

t 235 ring design permits covers to be rotated to con- _ services furnished on application. Seven standard 
Th venient pipe connections and installation made in mountings, in 10 bore diameters, in any stroke up 

ircraf a minimum of space. External “O” rings are used _— to 96”, with standard size or 2:1 over-size piston 

ion as static seals to eliminate gaskets and assure leak- _rods, cushioned rod end, blind end or both. Special 






sq " 
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y the 
Juabl 
il se 
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proof operation. Sealing efficiency improves with — covers supplied. Send for Catalog Section 104. 
increased pressure. Closely fitted automotive type RIVETT LATHE & GRINDER, Inc. 


piston rings reduce friction to a minimum. DEPT. MD 5 BRIGHTON 35, BOSTON, MASSACHUSETTS 











furnishes a complete power package 
VALVES e CYLINDERS « POWER UNITS 
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Here’s why those in the know 


—demand 


Shell, insert barrel, coupling 
nut and end bells are 
cad.-plated steel 


Split shell for easy wiring 
and inspection 


Here is another example of the care 
Cannon Electric takes in developing a 
connector for specialized use. This is the 
Firewall Connector to prevent the 
spread of a possible aircraft engine fire 
through the bulkhead into wing sections. 

Illustration shows Flame Barrier type 
with phenolic insert and contacts having 
solder cups. Shell must resist an open 
flame of 2000° F for 20 minutes. Electric 
circuits not required to remain active 


Fiame-Barrier insert 


Contact precision-machined 
from solid bar stock, electro- 
plated with silver or gold 


Neoprene grommet 
relieves wire strain 


The Fireproof continuous service type is 
similar in appearance, but has crimp-on 
type contacts in fireproof insert mate- 
rial. Must carry rated DC current under 
open flame of 2000° F for five minutes 
and withstand vibration of \” double 
amplitude at 2000 cycles per minute. De- 
signed for aircraft, this connector has 
other applications where the going is 
tough. For further information request 
Cannon Electric Firewall Bulletin. 


Cannon Electric AN Type Aircraft 
Firewall Connectors are available 
in 14 diameters with a large variety 
of insert arrangements in both 
Flame Barrier and Fireproof Types. 


CANNON ELECTRIC 


Los Angeles 31, California 
IN PRINCIPAL CITIES 


REPRESENTATIVES 


In Canada and British Em- 
pire: Cannon Electric Co., 
Ltd., Toronto 13, Ontario. 
World Export (Excepting 
British Empire): Frazar & 
Hansen, 301 Clay Street, 
San Francisco, California. 


Since 1915 





| 
} 
| 


fense-vital calcium carbide and will 
be operated by the National Carbide 
Co., one of Air Reduction’s ten op. 
erating divisions. With an_ initial 
rated capacity of 142,500 tons of cal- 
cium carbide annually, the installa- 
tion will consume more than 1,000. 
000 kilowatt hours of TVA electric. 
ity per day (enough to meet the nor. 
mal requirements of a city of 250, 
000 population). Lime and coke 
needed to produce calcium carbide, 
which is the primary source of the 
fuel used in the oxyacetylene weld- 
ing and cutting processes, will be im. 
ported from nearby areas. 


¢ 


Thor Corp. has licensed Catita, SA, 
of Buenos Aires, Argentina, to make 
and sell the Thor spinner washer 
(semiautomatic) in that country. 


e 


Westinghouse Electric Corp. has 
been awarded an $8,500,000 Navy con- 
tract for the production of radar 
equipment. The contract is for 
search-type radar sets recently de- 
signed by Westinghouse electronics 
engineers at Baltimore, Md. Tooling 
and other preparations for manufac- 
ture of the sets has already started; 
production will be carried out in an 
area now used as a warehouse so that 
current production of electrical ap- 
pliances will not be affected. 


+ 


Magline Inc., Pinconning, Mich. 
has opened a new magnesium found- 
ry division to increase its output of 
lightweight equipment for the mate- 
rials handling field. Magline is also 
investigating. the possibility of plac- 
ing its magnesium sand casting de- 
sign and production experience and 
facilities at the disposal of plants 
producing military equipment. The 
company will supply additional in- 
formation to interested defense con- 
tractors. 

+ 

Cooper - Bessemer Corp. has re 
ceived an engine contract to build 40 
of its largest supercharged gas engines 
for Reynolds Metals Co.’s new alu- 
minum reduction plant near ‘orpus 
Christi, Tex. The engines, which de- 
velop 3700 hp will be delivered in 
total by January, 1952. 

. 


Willys-Overland Motors Inc. has 
completed the purchase of the 13 
acre Chevrolet plant at Anderson, 
Ind. Willys is proceeding under a 
letter of intent, in co-operation with 
the General Electric Co. and the U: 
S. Air Corps, to reconvert and re 
equip the 226,000 square feet of floor 
space for the production of majo 
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For Over 30 Years 
- Since 1919 


4 


DIAMOND 
ROLLER CHAINS 


on Parks Woodworking 


Machinery 


@ Many leading makers of woodworking machines 
began using Diamond Roller Chains regularly as long 
ago as 1894. There are many reasons for this prefer- 
ence for Diamond. 

The proper heat-treatment of each roller chain part 
according to the function the part will perform gives 
Diamond Roller Chains a “resistance to wear” of the 
highest degree. They assure long life and high effi- 
ciency under unfavorable operating conditions—pres- 
ence of moisture, fumes, etc. They have the great 
reserve strength to absorb shock loading. They are 
positive, transmitting 100 per cent of the speed at 
unvarying ratios. 

Throughout the lumber and woodworking in- 
dustry for plant motor and engine drives—from 
shaft to shaft—on saws, trimmers, rolls, transfers, sand- 
ers, lumber carriers, hoists and portable sawmills— 
Diamond Roller Chains have contributed much to im- 
prove production. DIAMOND CHAIN COMPANY, 
Inc., Dept. 435, 402 Kentucky Ave., Indianapolis 7, 
Indiana. 
Offices and Distributors in All Principal Cities 


man piaMtonp XQ 2s 
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General Purpose Seal... 


. ++ most widely used end-face 
seal in industry ... ideal for 
centrifugal, rotary and jet 
pumps, gear reducers and 
many other rotary shaft appli- 
cations ... offers long life, 
complete flexibility, easy in- 
stallation. Two types availa- 
ble, No. 1 and 2, for varying 
equipment space conditions. 


Low Cost, High Quality 


“Pressed-in” Seal... 


... the answer to small shaft 
sealing applications involving 
high speeds and vibration. 
Millions of these Type 6A 
Seals are mass-produced for 
automotive water pumps, mak- 
ing them available at a rela- 
tively low cost in stock sizes. 
Each of these easy-to-install 
seals will fit several shaft sizes 
since they are “pressed-in” and 
do not touch the shaft. 


High Temperature 


Anti-Corrosive Seal... 


.-. This Type 9 Seal performs 
effectively at temperatures up 
to 485° F. It incorporates a 
Teflon flexible member which 
is unaffected by all known 
corrosive agents. 


x * * 


All seals in the “John Crane” 
line are end-face in design 
+++ nothing touches the shaft 


Mechanical Seal 
To Meet Your 
SCM LE 


which can score it. No matter what your mechanical seal- 
ing problem is, there's a “John Crane” seal designed to ex- 
actly “fill the bill”. Our trained field engineers are ready 
to work with you in selecting the best seal for your needs. 


Write for entirely new catalog on “John Crane” Mechanical 


Seals, It’s just off the press! 


Dept. MD-5, 1825 Cuyler Avenue, Chicago 13, illinois. 


PACKINGS 


AND MECHANICAL 


CRANE PACKI 


al 


¢ 


SEALS 


NG COMPANY 











components for the GE J-47 jet en. 
gines. The $7,000,000 tooling program 
has begun. Initial order for the en. 
gine components is understood to 
be in excess of the recent $63,000,000 
Willys military order for Jeeps. 


* 


Admiral Tool & Die Co. Inc. has 
acquired the Eppenbach plant at 
45-10 Vernon Blvd., Long Island City, 
N. Y. Admiral Tool will continue the 
manufacture and sale of a!l Eppenbach 
emulsifying, mixing, homogenizing, 
grinding, and processing equipment 
under an exclusive licensing agree- 
ment. 

. 

Metal Carbides Corp., Youngstown, 
O., has added 8000 sq ft to its plant 
making the total manufacturing area 
35,000 sq ft. More than $100,000 of 
new equipment, including electric 
furnaces, machine tools, powder mix- 
ing, and crushing equipment is being 
added. These improvements will ex- 
pand production of Talide tools, tips, 
dies, rolls, and wear resistant parts 
by more than 50 per cent as well as 
provide additional facilities for pro- 
ducing special tungsten carbide prod- 
ucts for the defense effort. 

SJ 

Hartford-Empire Co., of which 
Henry & Wright and V & O Press 
Co. are divisions, has changed its 
name to Emhart Mfg. Co. With Em- 
hart as the parent company, there 
will be no change in the operation or 
organization of Henry & Wright, 
Hartford, Conn., which manufactures 
automatic presses, or the V & O 
Press Co., Hudson, N. Y., which pro- 
duces punch presses, automatic feed 
attachments and special machinery. 


S 


Cleveland Graphite Bronze Cv. has 
borrowed $10,000,000 from the Metro- 
politan Life Insurance Co. for i's eX- 
pansion program relative to the na- 
tional defense effort. The exp nsion 
program calls for thé establishm «nt of 
five new branch plants as svon 4s 
possible. The plants are to ve 10 
cated in small communiti: for 
reasons of dispersion, securi!, and 
manpower supply. 

. 
Johns-Manville Corp., in orde! 
pand its defense activities, 
structing a new research b' 
The structure will be an addi 
the J-M Research Center grou 
Manville, N. J., which is re! 
one of the largest research f: 
in the world devoted to building m@ 
terials, insulations and allied prod- 
ucts. The new facilities will be d- 
rected in part to the development of 
substitutes for critical materia!s 
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For liquid transfer 
where space is at 
a premium eee S| 


2 Mechanical pressure 


Bronze spur gears and suction seals 


(Oberdorfer alloy #16438) 


TN ee 


Bronze housing 
(Oberdorfer alloy #16001) 


DIMENSIONS— Pump Only 
PumpNo. Height Width Length 
No. 1% 2% 2% 4% 
No. 2 3% 2% 4% 


PUMP No. 1% CCC 
Pump head only (%” pipe size) 

















F.O.B. Syracuse 
Complete unit with 4% H.P. 110 volt AC thermal 
overload motor price on request 


PUMP No. 2 CCC 
Pump head only (%” pipe size) 
F.O.B. Syracuse 
Complete unit with % H.P. 110 volt AC thermal 
overload motor price on request 
=e 





2 Micro finished 
stainless steel! shafts 
| 


These two motor driven pumps have all-bronze 
housing and gears, oilless carbon bearings, micro- 
finished stainless steel shafts (+ 25/100,000 of an 
inch) and are powered by heavy-duty % h.p. motors* 
equipped with thermal overload protection. 

They are intended to be used wherever a liquid 
has to be moved from one location to another in 
quantities up to 240 gallons per hour at pressures 
from 0 to 100 lbs. per square inch. 

They are adaptable for a wide variety of indus- 
trial and chemical applications where a corrosion- 
resistant pump is required and space is limited. Their 
all-bronze body and gears permit use with most liquids. 


%* 110 volt AC, Motor standard but specially 
machined for pump mounting. 


GALLONS PER HOUR at 1725 R.P.M. 


























INDUSTRIAL PUMP DIVISION 
Oberdorfer Foundries, Inc. 


Syracuse, N. Y. 
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This Well-Cast magnesium permanent mold wheel cast- 
ing—a 14 Ib. light weight—reduces the overall weight of the hand 
truck on which it’s used. Tough as an American in Korea, it’s 
also a push-over to machine. Same thing applies to our sand 
castings in either magnesium or aluminum. Want to lose some 


weight? 


40 Years’ Experience 
Well-made wood and metal patterns e If you would like to get 
the Wellman magazine each month, drop us a note on your 


business letterhead. 


ee eee 


2512 EAST 93rd STREET* CLEVELAND 4, OHIO 


228 
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Society 


A€CTUVETIE S 


The American Foundrymen’s &. 
ciety, international technical society 
of the metal castings industry, has 
announced through its president, Wal 
ton L. Woody of the National Mal. 
leable and Steel Castings Co., a pm 
gram to found a technica] center fo 
the producers of cast metals vital 
to national defense. More than $95. 
000 of the $100,000 goal has bea 
raised by voluntary subscription from 
the Society’s 9500 members. Th 
center is to be established during the 
next two years in one of the principal 
Midwestern foundry centers. 


. 


A Certificate of Co-operation ha 
been presented to the America 
Standards Association by the Ec- 
nomic Co-operation Administration 
The certificate given in recogni. 
tion of ASA’s assistance and co-oper 
tion in helping technical missions from 
overseas to study U. S. standardiz 
tion and simplification practices ai 
techniques. Through its broad co 
nections as the national clearingho 
for standards, ASA arranged plan 
visits and conferences for these mi 
sions. 


° 


Steel Founders’ Society of Amer 
is promoting a national conservatid 
drive to help alleviate the critic 
supply situation in iron and steé 
scrap. Supplementing expanded co 
servation activities and revised mé 
terials handling practices througholl 
the steel casting industry, the Sociel! 
is extending its program fostering i 
tensive collection, segregation, and 
economical use of scrap in a thret 
way campaign. 


. 


As the result of member industri¢ 
moving faster than the Administr 
tion in preparing for defense produ 
tion, the National Metal Trades 
sociation is rapidly expanding ™ 
activities, services and staff. Josep’ 
L. Kopf, president of the As« ciation 
has explained that an expansion P™ 
gram which has been underway fo 
several months is the result of ° 
mands by present members, and 
influx of new members, to help the 
prepare for national defense and avo® 
as many of the industrial proble™ 
associated with World War II as P® 
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sible. To enable members to operate 
as efficiently as possible under the 
manpower and wage controls, the As- 
sociation’s Engineering Staff, which 
install; job and salary rating plans, 
has been increased in size and put 
on an accelerated schedule. Other 
working departments have also been 
expanded. The Research Department, 
drawing on World War I and II ex- 
periences, has been preparing and 
issuing a service of informational and 
advisory documents and bulletins on 
such subjects as Sabotage, Women in 
Industry, Manpower Mobilization, and 
Wage Stabilization. In addition, the 
Association has engaged a Washing- 
ton counsel and installed a system 
whereby daily developments in Wash- 
ington are relayed to member com- 
panies vitally affected. 


7 


J. J. Demuth, president of the 
American Society of Tool Engineers, 
and general superintendent, Slido Inc., 
St. Louis, Mo., has been awarded an 
honorary membership in the Insti- 
tute of Production Engineers, the 
British equivalent of the ASTE. 


a 


The Wright Brothers Medal com- 
memorating pioneer American efforts 
in flying has been awarded by the 
Society of Automotive Engineers to 
James C. Floyd of A. V. Roe Canada 
Lid. Presentation was made at a 
dinner officially closing the National 
Aeronautic Meeting of the Society in 
New York. Floyd is the first citizen 
of any country other than the United 
States to receive the honor. The 
award was based specifically upon the 
excellence of a technical paper, “The 
Avro C-102 ‘Jetliner’,” prepared and 
presented by Floyd before the SAE 
Annual Meeting, Detroit, Mich., Janu- 
ary, 1950. 


. 


New officers of the American So- 
ciety of Body Engineers, elected dur- 
ing the meeting at the Detroit Leland 
Hotel, Detroit, Mich., are: 

President—Harry G. Garman, Fish- 
er Body 

Vice President—Harold V. Atnip, 
Chrysler Corp. 

Secretary—Gordon J. Lawton, 
Briggs Mfg. 

Treasurer—Edward L. Pangborn, 
Chrysler Corp. 

Trustees—I, Louis Carron, Carron 
©; Lynn A. Fill, Motor Products; 
William K. Norwick, Fisher Body; 
Charles Bugbee, Ford Motor Co.; 
Stanley C. Vahey, The Budd Co.; L. 
James Berridge, Woodall Industries; 


‘id Arthur L, Bradley, Creative In- 
dustries. 
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For better performance 


DISSTON. 


CUSTOM 
STEEL 








Made to your blueprint 
requirements from 


DISSTON 
SPECIFICATION STEELS 


Intricate designs . . . exacting toler- 
ances ...special heat treating... 
odd shapes and unusual sizes—you 
can get them made better—at less 
cost—by Disston! 


Disston Custom Steel Parts are any 
replaceable heat-treated products 
which are made from fiat steel, 
hardened, tempered, and machined. 
Disston facilities include those for 
grinding plates up to 100” long, 65’ 
wide; circular work from %%’’ diam- 
eter to 72’’ diameter. 


581 Tacony, Philadelphia 35, Pa., U.S.A. 


Canadian Factory: Toronto 3, Ont. 


Ty HENRY DISSTON & SONS, INC. 


yl Z 


In peace waste is a sin... 
NOW-—waste is a crime! 


VALUABLE BOOKLET 


on Disston Custom Steel 
Parts shows how to save on 
vital parts and materials; 
how to improve performance 
of machines and products; 
tells how to specify and order 
for most economical pur- 
chasing. A “‘must’’ reference 
book for the designer, engi- 
neer, purchasing agent. Sent 
free without obligation. 
Write on your letterhead or 
use coupon! 








SALES AND SERVICE 


staff of Acme Steel Co. were an- 


| | eyed changes in the Eastern sales 


Wold 
Bpide 
FACTORY 


SUPERVISED 
SERVICE 


Preferred power for garden tractors and a wide range of other agricultural 
equipment — the world’s most widely used single-cylinder gasoline engines 
on machines and tools for industry, construction, railroads, oil fields, 
ete., and on appliances and equipment for farm and home. 


EFERRED POWER” for home, farm, and 
industrial equipment — powered by gasoline 
engines. Briggs & Stratton Corporation, 
Milwaukee 1, U.S.A. 


In the automotive field Briggs & Stratton is the recognized leader 
and world’s largest producer of locks, keys and related equipment. 


nounced recently. George E. Helm has 
been promoted to the position of 
sales manager of a new district in 
Baltimore and will also serve as liai- 
son with government bureaus in 
Washington, D. C. Charels E. Klinck 
has been appointed Philadelphia dis- 
trict sales manager, replacing Charles 
J. Bruneel, who enters semi-retire- 
ment until completing his 33-year 
span of service in October. Coincident 
with this appointment, the Philadel 
phia office is moving from 401 North 
Broad St. to 5667 Ogontz Ave. Bruce 
E. Cunningham has been assigned to 
the newly-created position of area 
special representative. Operating 
from headquarters in New York City, 
he will render specialized services to 
customers throughout the Easter 
area. 
° 


A. F. Vinson, manager of General 
Electric Company’s welding divisions 
at Fitchburg, Mass., has temporarily 
relinquished his duties in order to 
attend the Advanced Management 
Program’s Business Training Course 
at the Harvard Graduate School of 
Business Administration. To assume 
Mr. Vinson’s responsibilities during 
his absence, R. C. Freeman has been 
named acting manager of the weld- 
ing divisions. 

° 


The abrasive and diamond wheel 
department of Manhattan Rubber di- 
vision of Raybestos-Manhattan Inc., 
Passaic, N. J., has announce: that 
Kenneth A. Tamms has joined its 
staff as sales engineer for Wisconsin, 
with headquarters in Milwaukee. He 
succeeds Alex Watchorn, who /1as re 
tired. At the same time it ws 4m 
nounced that P. H. Hagen of * attle, 
Wash., has joined the con pany’s 
West Coast sales division, wit! head 
quarters at 2221 Fourth Ave., South, 
Seattle, Wash. 


° 


»inted 
mken 
com- 


Paul Reeves has been 3! 
director of sales for The 
Roller Bearing Co. Joining th 
pany in 1929 after completing its em 
gineering training course, he served 
as sales engineer in the Chic: zo of 
fice and was subsequently tran sferred 
to the San Francisco branch office 
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J There’s an extra machine 
. in this tubing! 
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- é | ROCKRITE 
rse i . 


me ) SAVES MORE THAN 





ing 

a. ls production the problem? You can step up output of ring- ANY OTHER TUBING 
shaped and cylindrical parts as much as 100% by machining 
them from Rockrite Tubing. Result ... ? One automatic screw ® Higher cutting speeds 
machine does the work of two. It’s like adding an extra machine e 


eel § ‘each one on your line. What’s more, costs of parts made go Tools last longer between 


di- } down as much as 50%. s grinds 
C., Work-surf finishes are 
vat That’s because Rockrite Tubing is compression-sized to much scant? ara 


its @ closer tolerances than standard mechanical tubing. With Rock- 
- tite, there’s less metal to cut, less finishing. Work goes faster. 


He 
NEW 16-PAGE BULLETIN 


tells how the unique Rockrite process 
provides greater tube accuracy which 
multiplies production of machined parts 
and subtracts costs. Write for your copy 
today, 


@®) Rockrite® 
@ rusine 
TUBE REDUCING CORPORATION e WALLINGTON, NEW JERSEY TR-1218, 
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® Machined parts have closer 
tolerances 


Stations on automatics are 
often released for additional 
operations 


Extra-long pieces available— 
less down-time for magazine 
stocking and fewer scrap 
ends 

Closer tolerances often elim- 


inate necessity for machining 
on outside or inside 
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DONT LET 


DUST, DIRT, LINT 


OR FUMES SHORTEN 


THE SERVICE LIFE 
OF YOUR MOTORS 


where he was made industria] , 
trict manager. He returned to (Cay 
ton as sales promotion manager j 
1940, and when this country enter 
the war, he was put in charge q 
government priorities to handle coy 
tacts between the company ap 
Washington. 


° 


Clinton O. McNeer, Chicago ij 
trict sales manager for the chemics 
division of The Goodyear Tire & Rub 
ber Co., has been named sales ma 
ager of the division with headqua 
ters at Akron. He will be succeede 
at Chicago by J. A. Weatherfor 
who, for some time, has served as 
special representative at the chemi 
cal organization in the Chicago te 
ritory. Concurrently the establis 
ment of a district office at St. Louis 
with Robert E. Workman as man 
ager, was announced. 


¢ 


Appointment of Andrew W. Ros 
as assistant general manager of th 
Warner Gear division of Borg-Warne 
Corp., at Muncie, Ind., was announce 
recently. 


7 


Announcement was made recentl 
by Cutler-Hammer Inc., Milwauke: 
of the appointment of O. P. Prov 
foot as manager of the Clevelai jr 
district sales office, succeeding tx 
late R. J. Eckstein. Joining the Cut 
ler-Hammer student training coursq 
in 1928, Mr. Proudfoot has served i 
various sales capacities, the most reg 
cent one being with the Buffalo dis 
trict sales staff. As manager of thé 
Cleveland office, he will supervise thé 
sale of motor controls, steel mi 
equipment and allied electrical ap 
paratus in that area. 


° 


L. W. Mercer has been elected W 
the new executive vice president post 
for the Square D Co. Formerly vice 
president and general manager o 
the switch and panel division in De 
troit, Mr. Mercer will now assume 
overall responsibility for lirection 
and co-ordination of the companys 
sales, engineering and production a 
tivities. At the same time F. H. Roby 
was elected vice president in charge 
of sales and director. Having joined 
the Square D organization 1" 1933, 
he has served as field enginec’, head- 
quarters application engineer, ™a™ 
ager of industrial control sales and 
general sales manager. L. G. Maecht- 
len has been elected vice president 
and director. He has served as 1 
Angeles plant works manag¢r, hon 
Angeles territory manager and West 
ern sales manager. He will continu’ 
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Transformer handle made of Enrup for a large 
manufacturer of electrical equipment. Enrup was 
selected because its electrical properties can be 
maintained under very adverse conditions, and 
because it has great toughness, impact strength, and 
resistance to other solvents. Enrup has been so 
successful that the manufacturer intends to use it for 
other phases of transformer design and construction. 

























The horizons of electrical design are being widened 
by U.S. Rubber’s new thermosetting plastic, Enrup. 
The transformer handle shown here has greater 
strength and electrical properties because it is made 
of Enrup. 

Chis remarkably versatile substance can be 
punched, sanded, sawed, nailed, bolted, molded or 
machined. Enrup can be made into almost any 
shape or form, simple or complex. It may be 
exactly what you have been looking for to make 
your product stronger, more efficient, less expensive. 

Enrup is fabricated and molded entirely by U.S. 
Rubber engineers. They will gladly discuss your 
particular problems. Write to address below. 
















Pump valve seat made of Enrup 
because Enrup resists swelling or 
deterioration caused by gasoline, 
and because it resists compression 
set or deformation over a wide range 
of temperature conditions. 









This printing roll-end bearing demonstrates Enrup’s high adaptability to 
precision molding techniques. It has high dimensional stability and resistance 
to corrosion caused by photographic solutions. 










UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION * ROCKEFELLER CENTER, NEW YORK 20, N.Y. 
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in this latter position and as assist. 
| ant to J. H. Pengilly, vice president 
| and general manager of the Westem 
| 







division. Messrs. Mercer and Roby 
are both located in the company’s 
executive offices in Detroit, while Mr. 
Maechtlen remains based at the West- 
ern division headquarters in Los An. 
geles. 






HOOVER HONED RACEWAY* 









e 








Raymond E. Otto has been elected 
vice president and general sales man- 
ager of The Emerson Electric Mfg. 
Co., St. Louis. A veteran of 37 years 
with the company, Mr. Otto served 
as a sales correspondent and field 
engineer before being named assist. 
ant manager of motor sales in 1928, 
Eight years later he became man- 
ager of motor sales and in 1939 was 
appointed manager of sales. During 
World War II he was transferred to 
the turret division, then returned to 
the electrical division in 1945 as gen- 
eral sales manager. 
















POLISHED 
Polished Raceway surface 
magnified 100 times as 
used in other ball 
bearings 









* HOOVER HONED 
Raceway surface magnified 
100 times, as used exclu- 







tively in Hoover Ball 
Bearings. 











¢ 


Formerly assistant manager, Ralph 
E. Donnelly of Fitchburg, Mass., has 
been appointed manager of the Fitch- 
burg turbine sales division of the 
General Electric Co. The company 
has also recently announced the ap- 
pointment of D. S. MacDonald as sales 
manager of a newly created gearmotor 
section of the gearmctor and packaged 
drive division. 






it's the 
raceway 
that 
makes the 

































difference 


HOOVER 


America’s only TS 


B A L L 8 E A 4 3 cod G Harry G. Andersen, heretofore dis- 


trict sales engineer at Milwaukee, 


ry t i] 4 one | a acewa has been appointed district manager 

y S at Birmingham, with headquarters In 
the Comer Bidg., 2100 Second Ave. 
North. Mr. Andersen began his Link- 
Belt career in 1937 at the company’s 
Pershing Road plant in Chicago, 
where he served in various capacities 
in the engineering department and 
Chicago district sales. He was trans 
ferred to Milwaukee in 1948. 


° 


¢ 






Robert B. Moir, formerly of Foote 
Bros. Gear and Machine Corp., is now 
affiliated with the W. A. Jones 
Foundry & Machine Co. 










. 






















90% longer life 
30% greater load 
Amazing Quietness 

















To represent the company '1 Dal- 
las, Tex., M. L. Sheehan has joined 
The Parker Appliance Co., Cl -eland, 
as industrial sales engineer. He wil 
, serve industrial firms of the South 
The Aristocrat Central states in the application & 

of Bearings gineering of Parker tube «(tings 
valves, O-rings, and other products 
for industrial hydraulics, instrume! 
tation and fluid handling. To serve 
in a similar capacity, Raymond B. 
Jewett has been appointed 4s indus 
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now BELL-RINGER’S LIFE 

nes 
Those electric call bells and paging gongs you hear in school corridors and 
factories lead busy lives... they’re working during every hour of the day. 

ms To combat rapid wear in the operating mechanism, Sperti Faraday, Inc., 

wer switched to Republic ELECTRUNITE Stainless Steel Tubing for the plunger 
ger tube of the actuating solenoid. The life of this heart of the device has 

“ft been doubled by the shift from a non-ferrous tube to Republic 

- ELECTRUNITE Stainless. 

nk- Greater toughness to resist wear years longer was the primary reason that 

y's stainless steel got the job. But secondary benefits included greater strength 

go, to withstand a press-fit operation, the extra-close I.D. and wall tolerances 

‘ies of Republic ELECTRUNITE Tubing, high resistance to corrosion, and non- 

und magnetic properties. 

- Somewhere in your product there may be a job that can be done far 
better by stainless steel . . . or exclusively by stainless steel. We'd welcome 
the invitation to put Republic’s Tubing Specialists to work on that 

al- problem. When may we call? 

1ed 

nd, 

vill 

ith 


‘eee. 
sf REPUBLIC STEEL 
ts CORPORATION 


n- 
a 2 STEEL & TUBES DIVISION 
4 ot EAST I3Ist STREET « CLEVELAND 8, OHIO 
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Relays for Jet-Propelled Jobs! 


AIRCRAFT OR GUIDED MISSILE 


These miniature d-c relays—only 11/4’ Dx 19/32"" H 
(excluding terminals and mounting studs)—insure 
faithful performance when subjected to extremely severe 
operating conditions such as encountered in missiles and 
aircraft. 

Specifically designed to meet the requirements of USAF 
specification MIL-R-5757, they are supplied for use in 
200°C. (type A) and 85°C. (type B) ambient temperatures. 

Available in contact combinations of 2, 3, 4 and 6 
poles and rated 2 amperes, 26.5 volts D.C. and 115 volts, 
400 cycles A.C. 


Write for Data Bulletin 2420 for detailed information. 


STRUTHERS-DUNN 


& 
¥ 


STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE @ BOSTON e BUFFALO e CHARLOTTE @e CHICAGO e CINCINNATI 
CLEVELAND e DALLAS e@ DETROIT @ KANSAS CITY @e LOS ANGELES 
MINNEAPOLIS @ MONTREAL @ NEW ORLEANS @ NEW YORK © PITTSBURGH 
ST. LOUIS e SAN FRANCISCO e@ SEATTLE @ SYRACUSE @ TORONTO 
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trial sales engineer in Philadelphia 
He will serve the eastern Pennsyi. 
vania, New Jersey, Delaware, Mary. 
land and Virginia area. 


+ 


William R. Sturgis has been trans. 
ferred to the sales department of 
Blood Brothers Machine Co. to cover 
the Southwest territory. Mr. Sturgis 
has been employed at Blood Brothers 
since 1940. Also announced was the 
advancement of Don F. Wilber, sales 
representative for the past six years, 
to the position of assistant sales 
manager. 

SJ 


E. F. Houghton & Co. has an- 
nounced the election of William F. 
MacDonald as president of E. F. 
Houghton & Co. of Canada Ltd., To- 
ronto, Ontario, Canada, succeeding 
the late G. W. Pressell, former presi- 
dent. E. H. MacInnis continues as 
vice president and sales manager in 
the Toronto headquarters, 100 Symes 
St. The company also announced the 
appointment of Carlos H. Mercado 
as manager, foreign sales depart- 
ment, succeeding L. J. Norris, who 
has retired because of ill health. 


° 


Edward J. Crowe has been ap- 
pointed sales manager of the powder 
metal parts division by Keystone Car- 
bon Co., Saint Marys, Pa. 


° 


The promotion of M. A. Moore to 
the post of Eastern division manu- 
facturing and sales manager of the 
Double Seal Ring Co. of Fort Worth, 
Tex., was announced recently. Mr. 
Moore, formerly sales and _ service 
representative in Maine, Vermont and 
New Hampshire, has assumed his du- 
ties in the company’s Eastern divi- 
sion factory and sales office at New 
Rochelle, N. Y. 


° 


Edward Burke has been appointed 
district representative for The Han- 
sen Manufacturing Co. of Cleveland. 
The Burke Co., 1246 Bush St., San 
Francisco, Calif., will be exclusive 
distributors in northern California for 
Hansen couplings used in pneumatic 
and hydraulic service. 


° 


Recently announced was thie 4P 
pointment of William R. Dixon as 45 
sistant general sales manager of The 
Dow Chemical Co. Assistant mam 
ager of the company’s plastics sales 
division since 1941, Mr. Dixon suc 
ceeds Dr. L. S. Roehm, who has 8 
cepted an executive position with the 
A. E. Staley Manufacturing ©°- of 
Decatur, Ill. Deane R. Ebey, who > 
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no other coupling 
costs as little to 
use as FAST’S 


With Fast’s Couplings you get the lowest coupling cost 
per year that modern engineering can provide—because 
Fast’s normally outlast the equipment they connect. That 
means their cost can be spread out over 20 years or more! 


As two users recently said: 

“We've had this Fast’s Coupling since 1930... and it’s 
apparently going to last forever. [Wish] the other equipment 
caused as little trouble!” ... “We have two Fast’s Couplings 
... they are the only equipment so trouble-free we long ago 
forgot we had them!” 


If you want lower costs, freedom from coupling shut- 

pore , downs and dependable coupling engineering—specify 

SPHERICAL BENE FACES . h Fast’s. For complete details, mail the coupon for Fast’s 
AAVE SAME A , P a free catalog. Do it today! 


. 
Ss) hoe 


FREE se 

RVICE- 
nm you p ICE: 
Koppers’ 


your °pplicat;. 
Coupling, K, 1On seems 





KOPPERS CO., INC., Fast’s Coupling Dept., 2 
j 245 Scott St., Baltimore 3, Md. 


Gentlemen: Send me Fast's Catalog which gives detailed descriptions, 8 THE ORIGINAL 
engineering drawings, capacity tables and photographs. GEAR-TYPE 


a 
am oe oe 8 8 8 8 EO INDUSTRY'S STANDARD FOR 31 YEARS 
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WANTED: 
an Engineer 


We need, on MACHINE DESIGN ’s editorial 
staff, a design engineer who has genuine 
writing interest and ability. 

He should have some practical exper- 
ience in design and be familiar with the 
method of operation of an engineering or- 
ganization. 

He should be enthusiastic about writing 
and be able to obtain and organize in- 
formation from various sources into articles 
of practical value to engineers. 

His work would include traveling in quest 
of editorial material—visiting plants and at- 
tending engineering conventions and expo- 
sitions. 

Somewhere among MACHINE DESIGN’‘s 
60,000 readers is the man we want. If you 
think you are this man, write to the Editor, 
MACHINE DESIGN, Penton Building, Cleve- 
land 13, Ohio, telling all about yourself. 

















came co-ordinator of defense activi. 
ties for plastics in February, has been 
named assistant manager of the plas- 
tics sales division to replace Mr. Dix. 
on. Mr. Ebey will continue to handle 
the defense activities in his new post. 


¢ 


R. B. Little has been appointed 
general sales manager of the Eaton 
Manufacturing Co., Reliance division, 
He served for five years in the sales 
department of the Republic Steel 
Company’s New York office. In 1939 
he was appointed sales manager in 
charge of the New York district ter- 
ritory for the Moltrup Steel Products 
Co. of Beaver Falls, Pa., in which 
capacity he served until joining 
Eaton Manufacturing Co. as a sales 
representative. 

¢ 


Appointment of W. D. Evan Jr, 
Pacific Industries, 1046 South Olive 
St., Los Angeles 15, Calif., as sales 
representative to succeed Robert 
Young & Co., has been announced by 
the Marcus Transformer Co., Hill- 
side, N. J. 

¢ 


J. R. Lewis has been appointed as- 
sistant general sales manager of 
Quaker Rubber Corp., Philadelphia, 
a division of H. K. Porter Co. Inc. 
He has been with Quaker since 1940, 
having held positions as Philadelphia 
district sales manager and assistant 
sales manager. In his new position, 
Mr. Lewis will assist the general 
sales manager in providing better 
service to distributors and customers. 


« 


At a recent board meeting Theo- 
dore E. Spilker, secretary, was made 
a vice president and secretary of Nice 
Ball Bearing Co., Philadelphia. John 
E. Mullen, formerly plant manager, 
was also made a vice president, and 
Henry M. McAdoo, assistant to Mr. 
Mullen, was advanced to the position 
of plant manager. 


° 


David L. Matthews has be 
pointed plant manager of th: 
Lake, O., general chemicals p! 
B. F. Goodrich Chemical Co. 


t 


The appointment of two <peri- 
enced Cummins Engine Co. salvs &* 
ecutives as direct factory revresel 
tatives to governmental agenc' § has 
been announced. ©. B. Foster will 
head a new department of th: sales 
division as manager of contrac* sales, 
and John W. Post has been amed 
regional manager of the newly cre 
ated Washington, D. C., region. Com 
pany officials indicate that this move 
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Typical Cie Motor Applications 


* Oil Burner Motors — meet requirements of under- 
writers — each motor is balanced — smooth, trim 
Oppearance, easy to clean — compact dimensions — 
all mounting dimensions industry standard. 


Unit Heater Motors — NEMA standard for shaft 
mounted Fans and Blowers. Furnished: single speed 
—two speed or adjustable speed. For operation on 
single or polyphase or direct current. 


® Fan or Blower Motors — For attic fans — window 
fans—exhausters—air spreaders—furnace blowers. 
A. C.—D.C. Motors for all forms of air moving jobs. 


® Stoker Motors — For home and commercial sizes. 


@ Refrigeration Compressor Motors— Up to 400 H. P. 


—single or multi-speeds — high starting torque for 
hard-to-start loads — designed for use with auto- 
matic starters for refrigeration cycling. Century motors 
are widely known for their unusually quiet starting 
and running. 


Pump Motors — Up to 400 H. P. — for water circu- 
lating heating systems — refrigeration systems — all 
form of liquid moving. 


Century offers a wide range of types and sizes up to 
400 H. P. — with operating characteristics to suit the 
wide range of driven equipment. Call a Century 
Branch sales office or your local distributor. 


Century Electric Company Is Celebrating its 50th Year in the Electrical Industry 
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Compressors must give dependable service under gruelling conditions 
of rough terrain, mud, and constant exposure to the shock and vibration 
of drilling. Unless protected from shock and vibration, even the most 
rugged equipment is subject to excessive down-time and maintenance. 

Ingersoll-Rand Company solves this problem in its rugged mobile 
“Quarrymaster.” Each of the 10,000-pound compressor power plants 
is protected by four LORD Bonded-Rubber Mountings which pre- 
vent shock and vibration from interfering with effrcient performance. 
They also prevent excessive twisting stresses in the power plant 
when the “Quarrymaster” is moving over uneven ground. 

Whether your product is large or small, reduction of shock and 
vibration improves performance and accuracy . . . lowers maintenance 
costs ... increases customer satisfaction. Investigate LORD Vibration 


Control Mountings and Bonded-Rubber Parts. Write to attention of, 


Product and Sales Engineering Department. 


LORD MANUFACTURING COMPANY, ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corporation, Ltd. 


(ord 


Vibration-Control Mountings 
... Bonded-Rubber Parts 


will result in closer co-ordination 9 
the factory’s activities to the accel. 
erating demand for Cummins diesels 
by the nation’s mobilization program, 


. 


Howard K. Suter, formerly identi. 
fied with the aviation engincering 
and sales division of Western Gea 
Works, has been named plant man. 
ager of Rosan Inc. of South Gate 
Calif. Mr. Suter will be in full charge 
of Rosan manufacturing facilities and 
will be responsible for developing new 
methods and expediting the flow of 
orders through the plant. 


S 


William R. Wilkinson has been ap. 
pointed vice president for sales, 
Johns-Manville Corp., and Kenneth 
W. Huffine has been appointed vice 
president for production. 


+ 


Associated with the division sales 
organization for more than 20 years, 
Chester W. Schweers has been named 
director of sales of the Allis-Chalmers 
Mfg. Co. general machinery division. 
Merton M. York, since June, 1950, 
manager of the Boston district office 
is now manager of the New England 
region, succeeding Mr. Schweers. 


° 


John R. Fennie has been appointed 
manager of the tubular products de- 
partment of Joseph T. Ryerson & 
Son Inc., steel distributors, Los An- 
geles. In his new position, Mr. Fennie 
heads the department responsible for 
merchandising tubular products in- 
cluding seamless and welded mechan- 
ical tubing, pressure tubing, hydrau- 
lie cylinder and line tubing, and 
structural tubing. 


. 


Leopold Van Blerkom has been ap- 
pointed assistant general sales man- 
ager of Tagliabue Instruments divi- 
sion, Weston Electrical Instrument 
Corp., Newark, N. J. He has been 
associated with Tagliabue for 1! 
years and was sales manager for the 
company’s pyrometer and moisture 
meter lines prior to his new 4pP 
pointment. 

° 


Wallace B. Strathdee and H. Ray- 
mond Benson have been appointed 
to top executive positions at the New 
England district headquarters of the 
Westinghouse Electric Corp., Boston. 
Mr. Strathdee was named manage 
of the marine and industrial depart 
ments, and Mr. Benson is the new 
manager of the transportation dé 
partment. Both men have served 
their entire business careers with 
Westinghouse. 
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ion of 
accel- 
liesels 
gram. 





By using Gramix parts, die-pressed of powdered metal 


mixtures, in place of machined parts in products, you 

can make three important savings — savings that are 
mn at 3 becoming more vital with every day that passes. 

GRAMIX PARTS SAVE METAL. They are made with 


Pe minimum scrap and waste . . . pound-for-pound more 
pieces can be produced from Gramix than can be 


obtained from solid or bar stock that is in tight supply 
today. 

iil a fl a h 0 [| if S GRAMIX PARTS SAVE MAN-HOURS and machining 
time because, they are die-pressed to tolerances as 
close as .0005” . . . the machining time saved can 

i . 7 be made available for defense weapon production. 


AND, GRAMIX PARTS SAVE MONEY because in 


quantity lots they can be produced at considerable less 
cost than identical machined parts. Then too, Gramix 
iil 0 fl e parts are oil-impregnated for self-lubrication thus elim- 
inating the need for servicing. Add up the advantages 







lie and you'll see why it'll pay you to go to Gramix.. . 
ain the leader in the powdered metal field. Write us for 
med the full story. 

mers 

sion. 

L950, 

fice 


land 


with GRAMIX parts 


iron cam follower 
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iron cam 


4'’,¢ 







bronze worm 


gear blank 









bronze 
instrument dial 



















bronze 
bearing 


16¢ 


bronze 
valve part 


5¢ 












bronze 


double gear 
3¢ 
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iron 


bronze feeder voll 
plate bushing 
S¢ 


26¢ s ia 


THE UNITED STATES GRAPHITE COMPAN 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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| of the inherent stability of 
silicone rubber, Arrowhead “O”’ rings 
molded of this remarkable new mater- 
ial provide a long-lasting seal under 
conditions far beyond the limits of 
ordinary rubbers. For example, they 
remain flexible at -130° F.; withstand 
indefinitely, exposure to temperatures 
of 500° F. and over. They offer excel- 
lent resistance to oxidation, to many 
oils, acids, alkalies and a variety of 
chemicals. The ideally inert character- 
istic of these seals is demonstrated by 
their astonishing resistance to aging, 
even at abnormally high temperatures. 
At normal temperatures they last in- 
definitely. For superior performance 
under severe conditions, consider sili- 
cone rubber. Arrowhead’s silicone spec- 
ialists will welcome your inquiry. 


Wrile tor tncinterinc vata 


Free to Engineers —two val- 
vable new publications on 
silicone rubber and *O” 
rings. Contain complete 
technical and descriptive 
data, including typical ap- 
plications. 


ARROWHEAD 
RUBBER CO. 


Division of 
National Motor Bearing Co., Inc 


DOWNEY Los Angeles County @ itis 
“O” RINGS V SILICONES VAHREREH-DUCTS 


PENING of a sales office at 120 

East Third St., Charlotte, N. C., 
has been announced by Cutler-Ham- 
mer Inc., Milwaukee electrical manu- 
facturers. The office will be operat- 
ed as a branch of the company’s At- 
lanta district sales office and wil] be 
staffed by Frank A. Miller Jr. and C. 
Lee Shaw. 


° 


A new branch office of the Allis- 
Chalmers Mfg. Co. general machinery 
division has been opened in Peoria, 
Ill. Stanley E. Bovim is manager of 
the office, and F. D. McGuire Jr. has 
been transferred from the Chicago 
district office as sales representative. 


° 


Shields Rubber Co., 564 West Ran- 
dolph St., Chicago, has been appoint- 
ed distributor for O-rings manufac- 
tured by The Parker Appliance Co., 
Cleveland. The company will carry 
service stocks of O-rings in a wide 
range of sizes and will offer engineer- 
ing counsel on O-ring application in 
sealing hydraulic and other fluid-han- 
dling equipment. 


° 


With offices at 445 West 23rd St., 
New York 11, N. Y., Control Systems 
Co. has been established as a dealer 
in components for electronic control 
equipment. Initially, the company 
will handle the standard components 
of Servomechanisms Inc., Mineola, 
_ me 

* 


The Kansas City, Mo., sales office 
of Synthane Corp. has been moved to 
new and larger quarters at 311 Mer- 
chandise Mart Bldg., 2201 Grand Ave. 


. 


A new education program designed 
to aid in the rapid training of indus- 
trial personnel in the selection and 
application of modern electric motor 
drives has been announced by the 
General Electric Co. Fifteenth in the 
Company’s “More Power to América” 
series, the program is devoted to the 
task of quickly indoctrinating quali- 
fied personne] in the nation’s fac- 
tories as an aid to industrial mo- 
bilization. Consisting of nine slide- 
films, student review booklets on each 
lesson, and an instructor’s manual, the 
program was distributed in April to 


How that New-Type 


ELDORADO 
Draws Engineers! 





Engineers acclaim the great 
new-type ELDORADO 

as the finest drawing 

pencil in all their years! 


ENGINEER: The Eldorado 
range of H’s are my pen- 
cils for they are graded 
with accuracy. Leads are 
smooth, lines and numer- 
als clean and opaque... 
blueprints sharp and 
clear. 


ELDORADO: Correct, 
that’s because you’ve been 
using the new-type Eldo- 
rado! Its lead is stronger 

..denser, more uniform. 
Eldorado means longer 
point-life. Its Leadfast 
process insures no splin- 
tering or burring—its 
lead is truly-centered. 
The hexagonal shaft of 
Eldorado has rounded, 
smooth edges that put 
ease in your drawing 
hand. 


DON’T WAIT...send for 
your free samples of the 
new-type Eldorado today 

.the two degrees most 
useful to you. 


i 
| 


Write on your 
business letterhead 
to the address below. 


DIXON’S 
TYPHONITE 


ELDORADO 


Joseph Dixon Crucible Co., Pencil Products 
Division 101-J5, Jersey City 3, N. 4 
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ONE GEAR THAT LASTS AS LONG AS THREE 


Another case that shows how National 
Bearing Division has reduced operating costs 


When any machine makes a habit of break- 
ing down periodically, it’s time to take stock 
of the problem—before production losses and 
replacement costs skyrocket. That’s just what 
faced a large Midwest steel plant . . . frequent 
breakdowns of a takeup frame used in coiling 
wire. The wire, under tension, built up stresses 
that caused the transmission gears to strip. 

National Bearing Division engineers made 
a special study of this mill’s problem. They 
recommended changing to a bronze alloy 
known for its ability to retain the anti-frictional 
qualities of bronze, yet have an unusually high 
degree of strength. 


Result? Not a single gear supplied by 
National Bearing Division in this alloy has 
stripped in the last three years! That com- 


Pattee 
Brake Shoe 


COMPANY 


pares with the former average service of 
just six months. 


Any production man will know that the sav- 
ings are tremendous, especially over a period 
of years ... savings made possible by National 
Bearing Division metallurgical research on 
bronze application—plus the engineering skill 
to interpret this research in terms of solving an 
on-the-job problem. : 

It’s another example showing that we have 
the facilities, the experience and the proved 
ability to save money for our customers on 
any problem involving... 


Non-Ferrous Bearings and Castings— 
As-Cast or Machined 


Babbitt Metals— 
For every type of 
bearing service 


Bronze Bars— 
As-Cast or Machined; 
Cored, Solid, Hexagon 


NATIONAL BEARING DIVISION 


4931 Manchester Avenue «+ St. Louis 10, Mo. 


PLANTS IN: ST, LOUIS, MO. « MEADVILLE, PA. « NILES, OHIO ¢ PORTSMOUTH, VA. « ST. PAUL, MINN. ¢ CHICAGO, ILL. 
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SOLID STEEL COLLARS 
with 
UNBRAKO 
Self-Locking 
HOLLOW SET SCREWS 


Used 
Profitably... 


by manufacturers of such 
widely diversified prod- 
ucts as lawn mowers, 
food machinery, textile 
machinery, juke boxes, 
snow plows, conveyors, 
air compressors, agricul- 
tural machinery, electric 
fans, bottling machines, 
and dozens of others. 


Precision machined 
from solid bar stock in 42 
stock sizes for shafts from 
3/16” to 3’ diameters 
inclusive. 


Write for prices and name 
of your nearest distributor. 


~SPS- 


STANDARD PRESSED STEEL CO. 
JENKINTOWN 18, PENNSYLVANIA 








| 
| 
| 
| 
| 
| 
| 
| 


| Arizona, a complete warehouse and 
| sales office near Los Angeles at 3320 
| Fruitland Rd., Vernon, Calif., has 
| been opened by The Bassick Co., 
| Bridgeport 2, Conn. 





General Electric district offices 
throughout the country for showings 
to interested groups, including users 
and potential users of electric motors, 
application engineers, power sales en- 
gineers, machinery manufacturers, 
designers, contractors, consulting en- 
gineers, and students. | 


° 





The Taft-Peirce Mfg. Co. has an-| 5 


nounced the appointment of the J. L. 
Osgood Machinery & Tool Co., 43) 
Pearl St., Buffalo, N. Y., as its ex- 
clusive representative for machine 
tool sales in the Buffalo and Roches- | 
ter, N. Y., territory. 


° 


As a means of helping the ew 
situation during the present period of 
scarcities, All-State Welding Alloys) 
Co. Inc., White Plains, N. Y., has an-| 
nounced that all of its distributors | 
are now prepared to arrange for the} 
flux-coating of gas welding rods. | 





| 
. 
Federated Metals Division, Amer- 
ican Smelting and Refining Co., re- 
cently completed a new office build- 
ing at 9000 Market Street Rd., Hous- 
ton, Tex. Utilized by the company’s 
local administrative personnel, the 
new building was constructed to 
handle the increased volume of busi- 
ness realized by Federated in the 
Gulf Coast area. It was felt by com- 
pany officials, too, that expanding 
mobilization efforts and the market- 
ing in the Southwest of several new 
products would soon create further 
demands on operations there. Ade- 
quate means of handling this activity 
are now available. 


. 


A new branch office of The Fox- 
boro Co. has been opened at 618 West 
Church Ave. Knoxville 16, Tenn. 
Marvin L. Cleaton Jr., formerly in 
charge of the company’s office at 
Columbus, O., has been named branch 
manager. 

J 


To serve southern California and 


° 


Arcos Corp., welding electrode man- 
ufacturer of Philadelphia, recently 
opened a sales office and warehouse 
in Chicago. Walter Gordon List, 
former special field engineer in the 
Ohio-western Pennsylvania territory, 





was named district manager. 





 Z 


N 


U]) GED : 


“The Thinker,” first known as “The Poet,” 
was intended to sit at the top gate of 
hell and contemplate the scene at his feet, 





Engineers... 
Designers... 
Superintendents .. 


have earned an exalted place among 
America's best thinkers. Contemplating eod 
move in advance, their productive genius he 
astounded the entire world. 

These men are sincerely invited to insp 
this modern plant where balls only (not beor 
ings) are made. 

Here you will see a sound-proof roo 
where your bearings are assembled wi 
Universal Balls and tested for quiet running 
and vibration characteristics before shipment 

We make Super Precision balls. The art of 
making balls within ten millionths of an inc 
and as small as .025 of an inch is the res 
of long years of study, scientific research ond 
special manufacturing equipment, most © 
which has been made in our own plant. 

Universal Balls have been used by th 
largest, most meticulous bearing many 
facturers in the U. S. A. and abroad since 
1942. 

Whenever you need precision balls of 
extremely fine tolerances, perfect surface 
finish, sphericity and size accuracy that re 
duce friction, wear and maintenance cos 
to an absolute minimum, guaranteed 100’ 
inspected and individually gauged, specify 
Universal Precision Balls. 


UNIVERSAL BALL Cb 


PRECISION BALLS OF CHROME 
AND STAINLESS STEEL, BRONZE 
AND SPECIAL METALS. 


WILLOW GROVE, Montgomery County, Pe 
Telephone, Willow Grove 1200 


——————— 
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KOHLER 
PRECISION PARTS 






Double Swing 
Check Valve 





\ ( ‘eel ) Bibs , 
nas ; ie me) eee 


Cone Type Check Valve 






































ee 
AIRCRAFT - INDUSTRIAL - AUTOMOTIVE 

rt = Solenoid 

- KOHLER PRECISION PARTS are used by | ga 

” manufacturers of Diesel engines, automobiles, trucks, : 

a tractors, jet engines, military, commercial and 

os private aircraft, and for agricultural and industrial 

q a test equipment. 

st With an organization experienced and skilled in 

% . precision workmanship, Kohler maintains full 

oe facilities for forging, casting, machining, anodyzing, 

is assembling, and testing. 

at Kohler engineers will develop precision valves and Angle Drain Valve 

ad fittings for volume production to meet special 

— applications. Write for a catalog and send your 


specifications or requirements. 


ALE 


KOHLER CO., KOHLER, WISCONSIN. ESTABLISHED 1873 


KOHLER or KOHLER 


PLUMBING FIXTURES *« HEATING EQUIPMENT 







L 





Fuel Dump Valve 





— 





ELECTRIC PLANTS + AIR-COOLED ENGINES + PRECISION PARTS 
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SEE HOW 
GAST 


explosion-proof 
ROTARY 


AIR MOTORS 


helped solve 
this problem! 


PROBLEM: Specify a motor to drive 
liquid pump at variable speeds, for 
Bede Circulating Paint Heater. (A unit 
for faster, more uniform application of 
hot finish.) 

SOLUTION: A Gast Rotary Air Motor, 
running below 500 r.p.m., drives pump 
at. 150 r.p.m. Uses less than 30 p.s.i. 
air pressure. 

RESULT: Power that’s economical, de- 
pendable, safe. With explosion-proof 
Gast Motor, entire unit was approved 
by Underwriters’ Laboratories. 

Your problem may be entirely dif- 
ferent — yet the unique advantages of 
Gast Rotaries may offer just what your 
product requires. In sizes from 1/20 to 
3 h.p., Gast Air Motors are amazingly 
compact and light in weight. And over- 
loads can’t burn them out! 

Write Gast, describing your original 
equipment application. We'll send full 
details. “Air may be your Answer!” 


Gast Application Ideas 
Booklet—showing 26 de- 
sign problems solved — 
sent upon request. 


Original Equipment Manufacturers for 


Over 25 Years 


KOTHRY 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(10 THREE HP.) (70 30 185.) (TO 28 1mcHEs) 
GAST MANUFACTURING CORP. 107 Hinkley St., Benton Harber, Mich. 


248 


AND EXPOSITIONS 


Society for Experimental Stress An- 
alysis. Annual spring meeting to be 
held at the Wardman Park Hotel, 
Washington, D. C. Additional infor- 
mation may be obtained from Dr. 
Edward Wenk Jr., c/o The David 
Taylor Model Basin, Washington 7, 
D. C. 


May 23-24— 

American Society for Quality Con- 
trol. Fifth annual convention to be 
held at the Hotel Cleveland, Cleve- 
land, Ohio. Additional information 
may be obtained from society head- 
quarters, 22 East 40th St. New York 
16, N. Y. 


May 24-25— 

Society of the Plastics Industry. 
Annual national meeting to be held 
at the Greenbrier Hotel, White Sul- 
phur Springs, W. Va. W. T. Cruse, 
295 Madison Ave., New York 17, 
N. Y., is executive vice president. 


May 28-June 8— 

Canadian International Trade Fair 
to be held at the Exhibition Grounds, 
Toronto, Canada. Additional infor- 
mation may be obtained from R. G. 
Pendrith, Publicity Section, Canadian 
International Trade Fair, Toronto, 
Canada. 


June 3-8— 

Society of Automotive Engineers. 
Summer meeting to be held at the 
French Lick Springs Hotel, French 
Lick, Ind. John A. C. Warner, 29 
West 39th St., New York 18, N. Y., 
is secretary and general manager. 


June 4-6— 

American Gear Manufacturers As- 
sociation. Thirty-fifth annual meet- 
ing to be held at the Homestead, 
Hot Springs, Va. Newbold C. Goin, 
Empire Building, Pittsburgh 22, Pa., 
is executive secretary. 


June 11-16 


National Congress of Applied Me- 
chanics to be held at Illinois Institute 
of Technology, Chicago, Ill., under 
the sponsorship of the ASME, ASCE, 
AIChE, AMS, APS, IAS, SESA, U.S. 
National Committee on Theoretical 
and Applied Mechanics, Illinois Tech., 


€ 


your specifications 


by Os 


TORRINGTON 





You save time and money when you 
rely on our high productive capaci 
and special equipment to turn @ 
precision parts to your order. 

Typical are surgical and dental in 
struments, pen and pencil barrels, $0 
dering iron cases, etc. Medium wal 
tubing up to 2k” O.D. and solid ste 
.015” to %” diameter handled. 

We are also set up to make 
parts as special rollers, shits, stué 
dowel pins, special need!«s, inst 
ment shafts and pivots, sc:cw drive 
and ice pick blades, knurle:' mane 
and spindles, etc. 


{ 


Send your prints and sp» cifica tions 
today for prompt quotatio 


THE TORRINGTON COMPAN 
Specialty Departs nt 
553 Field Street * Torrin.:ton, Cot 


Makers of 
TORRI NEEDLE BEAM 
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| Announcing AfAY DIHEDEAL 

— 
COUPLINGS 


, 
tated 
¢e 


Design, installation and maintenance 
men can now save thousands of dol- 
lars by getting rid of necessity for pre- 
cision alignment of direct-connected 
machines. Exclusive Ajax Dihedral 
tooth shape provides for misalign- 
ment up to 7° with tooth clearance 
(backlash) kept to oil film require- 
ments. Positive oil seals keep lubrica- 
tion in and dirt out. 


Titi ati iigietiiir tii tie ig) 


Aer iss ae v8 


a  aatcaieeel 


SURO ae ginet 


If you use couplings 
write for 


BULLETIN 50 


AJAX FLEXIBLE COUPLING CO. INC. 
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THEY ELIMINATE 
MISALIGNMENT 
TROUBLES 























Standard Dihedral Couplings 2 
are made to handle misalign- 7 
ment upto . ih, 


Teeth can be cut to handle greater 
misalignment but each job must be 
engineered. 





Westfield, New York 














Valve Closed to 
Live Air— 
Open to Exhaust 


Valve Open to 
Live Air— 
Coupling Locked 


VALVE COUPLINGS 4" #4" &%" sizes 


For Economy and Safety 

@ These couplings permit air to be shut off and tools changed 
quickly without going to the main shut-off valve. Coupling jaws are 
automatically self-locking when valve is open to air supply. The 
coupling cannot be disconnected until the valve sleeve is moved to 
closed and exhaust position,— thus preventing accidents and in- 
juries. Pressures to 250 p.s.i.—hose shank, male or female pipe con- 
nections. Send for Bulletin No. 104-C. It gives full details and prices. 


Quick-As-Wink 


AIR AND HYDRAULIC 


Control Valves” 


Hand, Foot, Cam, Pilot, Diaphragm and Solenoid Operated 
Mfd. by C. B. HUNT & SON, INC., 1946 East Pershing St., Salem, Ohio 
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EARING 


FILMOSEAY 


MENT BALL B 


INSTRU 
E . Bearing with 


strument Ball 
eal! 


MINIATUR 


The First Sea! 
A Non-Rubbing 
Combi 
4 Sealed Be 
of Rotation of an 


ed In 

Capillary S of 
dvantage> 

with the Freedom 


Open Bearing: 


0.D. and Bore * Sealed-in O/L Lubrication 
“307 Seriog * Sealed by a Film of Oil 
* No Mechanical Contact 
Two Piece © Petween the Sealing Elements 
Separator © No Increase in Friction 
* No Limitation of Speed 
* Automatic Equalization of 


Internal and External Pressures 


Deep Groove 
Type 


The new FILMOSEAL Bearing is made only in precision qual- 
ity and in 10 bore sizes from 2 mm, (.0787") to 8 mm. 
(.3150”) and corresponding O.D, of 6 mm. {.2362”) to 22 
mm, (.8661”) \ 1] 
. 5 iQ New bi) 
o4 Fifth Avenve, 








Purdue University, Northwestern Uni. 
versity and University of Illinois 
Lloyd H. Donnell, Illinois Institute , 
Technology, 3300 South Federal §. 
Chicago 16, IIll., is general chairman 


June 11-15— 

American Society of Mechanica 
Engineers. Semiannual meeting t 
be held at the Hotel Royal York, To 
ronto, Ontario, Canada. C, E. Davies 
29 West 39th St., New York 18, N. Y, 
is secretary. 


June 15-30— 

Seattle International Japanese Trad 
Fair to be held in the Edmundson 
Pavilion, Seattle, Wash. Additional 
information may be obtained from 
John M. Haydon, Promotion Comnit- 
tee, c/o Port of Seattle, P. O. Bou 
1878, Seattle 11, Wash. 


June 18-22— 

American Society for Testing Ma 
terials. Annual meeting to be heli 
at the Chalfonte-Haddon Hall, At 
lantic City, N. J. Additional informs 
tion may be obtained from society 
headquarters, 1916 Race St., Phila 
delphia 3, Pa. 


June 25-29— 

American Society for Engineering 
Education. Annual meeting to b 
held at Michigan State College, East 
Lansing, Mich. Arthur B. Bronwell 
Northwestern University, Evanston, 
Ill. is secretary. 


June 25-29— 

American Institute of Electrical 
Engineers. Summer general meeting 
to be held at the Royal York Hotel 
Toronto, Ontario, Canada. H. # 
Henline, 33 West 39th St., New York 
18, N. Y., is secretary. 


June 25-29— 

American Society of Mechanic 
Engineers. Oil and Gas Power Div 
sion Conference to be held at th 
Baker Hotel, Dallas, Texas. 
Davies, 29 West 39th St., N 
18, N. Y. is secretary. 


June 27-28— 

Institute of the Aeronautical S¢- 
ences. Annual Spring meeting to © 
held at the Western Headquarter 


secretary, 2 East 64th St., N 
21, N. Y. 
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Heating and Ventilating 


REFRIGERATION MACHINES: Recipro- 
cating compressors for air condi- 
tioning and refrigeration use. Two 
models in 100 to 150-hp range. Fur- 
nished as complete package units 
with compressor, cooler, condenser, 
and all piping, fittings, and con- 
trols. Particularly suitable for chil- 
ling water for air conditioning pur- 
poses. Readily adaptable to indus- 
trial applications such as direct 
product cooling, brine chilling, and 
ammonia and chlorine condensing. 
Carrier Corp., Syracuse, N. Y. 


PRECIPITRON: Encased in 96-in. long 
air duct. Cleaning capacities rang- 
ing from 8330 cfm at 90 per cent 
efficiency to 44,000 cfm at 85 per 
cent efficiency. Erected units com- 
plete with sealed access doors, 
flange connections and necessary 
control equipment. Westinghouse 
Electric Corp., Pittsburgh, Pa. 


ROOF VENTILATORS: Power units for 
schools, hospitals, commercial 
buildings and industrial plants. In 
ll sizes, each size available with 
2 to 4 speeds. Housed direct-con- 
nected centrifugal fan and motor 
give positive ventilation independ- 
ent of wind or weather conditions. 
Air delivery pressure range, from 
free air to 1% in. static pressure. 
lig Electric Ventilating Co., Chi- 
cago, Ill. 


Electric ©=HEATERS: Wall-mounted 
home heaters for individual room 
heating. Built-in thermostat main- 
tains desired temperature in each 
room. Available in nine ratings 
from one to 6 kw; all operate on 
230/240-v. Heating accomplished 
by radiation and by circulation of 
heated air. Each element mounted 
M separate aluminum deflector. 
Westinghouse Electric Corp., Sun- 
nyvale, Calif. 


Heat Treating 


BRING UNIT: Gas-fired production 
heating unit for brazing plugs or 
adapters into ends of shell type 
units and for annealing mouths of 
shell cartridges. Machine confines 
heat to work area; cups which hold 
Pieces rotate on spindles while 
Passing through heating zone. Pro- 
duction rate, 600 pieces per hour 
 60-in. diameter unit. Requires 
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No. 1551-N3 
34 Inch Neutral 
Position 3-Way 
Air Valve 


HAND OPERATED air Valves 


Thousands of Uses Throughout Industry 


@ Universally used and endorsed. Valving mechanism has 
stainless steel body and push-pull rods, brass sleeves, self-sealing 
U-packers and many other refinements, all fully enclosed against 
dirt, assuring long efficient trouble-free operation. No metal to 
metal seating. %’’ to 14%4"’ sizes, 3-way and 4-way, neutral 
position and regular actions. Pipe header mounting plates 
furnished if desired. Write for full details. 


lane Quick-As-Wink 


AIR AND HYDRAULIC 


“= Control Valves” 


Hand, Foot, Cam, Pilot, Diaphragm and Solenoid Operated 
Mfd. by C. B. HUNT & SON, INC., 1948 East Pershing St., Salem, Ohio 

















one operator to load and unload. 
Gas Appliance Service Inc., Chi- 
cago, Iii. 


INDUCTION HEATER GENERATOR: New 
5-kw radio-frequency generator for 
industrial applications where small 
parts are to be surface hardened, 
annealed, brazed or soldered. For 
production line operation where 
parts are fed through coil, or for 
small-lot batch operation. Genera- 
tor features stepless_ electronic 
power output control from % to 5 
kw. Westinghouse Electric Corp., 
Pittsburgh, Pa. 


PORTABLE ELECTRIC OVEN: For pre- 
heating plastic granules, treating 
powdered metals, baking small 
electronic components, etc. Has 
four shelves with room for eight 
2-in. deep, 12 by 23 in. drying pans. 
Oven operates from any 110-v out- 
let, is of steel construction with 
air-cell asbestos insulation. Forced 
air circulation provides uniform 
temperatures. Capable of heating 
to 225 F in 15 minutes. Grieve- 
Hendry Co. Inc., Chicago, Ill. 


Manufacturing 


SHELL TRIMMER: For flat edge trim- 
ming of square, rectangular and 
irregular-shaped drawn shells with 
small corner radii. Also has capaci- 
ty for forming, offsetting, bevel- 
ing, beading, serrating, stenciling, 
etc. Handles any depth alloy sheet 
stock up to 13 gage. Equipped with | 

TO SAVE TIME ON YOUR 3-hp, 1750-rpm motor, requires 20 | TO GIVE YOU FASTEST 


to 80-psi shop air. Dayton Rogers | 
PRODUCTION LINES Manufacturing Co., Minneapolis, | ALLENOHEAD DELIVERY 


Minn. 





isi rew 
Allen standards of accurate | HYDRAULIC PRESS: Motor-driven 20- To keep precision sc 


‘ Ws ton unit for assembling, broaching, m becoming a 
manufacturing, finish and atmpite, Geek onli Semeieg products ne 8 
inspection result in screws and and general forcing operations. bottle-neck in your work, your 

Double-actin ress has §8-in. on ain- 
keys that speed assembly and throat; 13-ia. Soa travel; 16-in. | Allen Distributor atways mem 
clearance under retracted ram; tains the largest possible stock 
ram speed of 60 in. per minute 
every day. down, 90 in. per minute up. Ram 

controlled by foot pedal, activated 
YOU CAN DEPEND ON by vane type pump set to operate YOU CAN DEPEND ON 

at 1250 psi. Ross & Co., Chicago, ALLEN oO DISTRIBUTORS 
ALLEN 0 HEAD SCREWS Tl. 


BAND SAW: Light-duty 16-in. throat 
DoAll machine featuring automatic | 
power feed. Operator is relieved of 
pushing workpiece into saw band, 


add hours of productivity to 
on hand. 


Feed pressure adjustable, while 
machine is running, by turning 
handwheel. DoAll Co., Des Plaines, 
Til. 


MOTORIZED TORCH HOLDER: For remote 
control raising and lowering of cut- 
ting torches mounted on oxyacety- 
lene cutting machines. Designed 
for mounting on 3 in. sq torch bar, 
raises or lowers torches 5 in. Re- 
mote control switchbox at control 
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orwireform..... 


we make it! 








Wallace #iarnes Springs 


ristol Connecticut 
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FOR COOLANTS, 
LUBRICANTS, AND 
ABRASIVE LIQUIDS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


STANDARDS 
OR DIRECT 
MOTOR CONNECTED 


FOR TWENTY YEARS— 
DEPENDABLE, 
ECONOMICAL, EFFICIENT 


PIONEER 
PUMP 


& MANUFACTURING CO., INC. 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


JOHN R STREET 
MICHIGAN 


19652 
DETROIT 3, 


WRITE FOR CATALOG 


BULB-BLOWING MACHINE: 


, Station actuates each of four torches 


individually or all four simultane- 
ously. Air Reduction Sales Co., 
New York, N. Y. 


GRINDER: For sharpening pipe cutoff 


blades and thread chasers. Left 
side of machine designed to sharpen 
chasers for threading up to 8-in. 
pipe. Pipe and tube cutoff blades 
sharpened on right-hand side of 
machine. Powered by 1%-hp, to- 
tally-enclosed, 220/440-v, 3-phase 
motor. Equipped with manually- 
operated starting switch, 12-gal ca- 
pacity coolant system. Continental 
Machine Co., Chicago, Ill. 


SPRING GRINDER: Double, vertical-spin- 


dle disk grinder with semiautomat- 
ic cycling, for grinding coil springs. 
Grinds springs from % to 6 in. long, 
\% to 4-in. diameter, and from 0.0625 
to 0.500-in. wire diameter. Springs 
pass across center of 30-in. diame- 
ter abrasive wheels which have no 
center holes. Disks require average 
adjustment of only 0.008-in. to com- 
pensate for wheel wear for each 
hour of operation. Feedwheel speed 
variable from 1/6 to 19 rpm. Charles 
H. Besly and Co., Machine Tool Div., 
Beloit, Wis. 


HAND GRINDER: For industrial plants, 


pattern shops, foundries, die shops, 
etc. Operates at 20,000 rpm, with 
dynamic and static balancing as- 
suring vibrationless performance. 
With 4-in. capacity Jacobs univer- 
sal chuck permitting use of 2-in. 
grinding wheels or any % to %-in. 
shank mounted wheels. Length, 11 
in.; weight, 5 Ib 10 oz. Chicago 
Wheel & Mfg. Co., Chicago, Iil. 


For auto- 
matic production of up to 2400 bulbs 
per hour. Incorporates motor-oper- 
ated knives for more positive and 
faster cutoff, new improved chucks 
to reduce waste of tubing ends. 
Automatic except for hand feeding 
of 4-ft lengths of glass tubing. 
Bulbs can be blown to 2%4-in. OD 
by 5%%-in. overall length. Kahle 
Engineering Co., North Bergen, 
N. J. 


TAPPING MACHINE: Fully automatic 


except for loading and unloading. 
Uses air-operated shuttle type fix- 
ture and chucks. Will cut 14§-16 
buttress thread on 4140 seamless 
steel tubing at rate of 100 parts 
per hour using 34 ft per minute 
cutting speed. The Cleveland Tap- 
ping Machine Co., Canton, O. 


SCREW MACHINE: Single-purpose, au- 


tomatic screw machine specifically 
for high-speed production of small, 
precision screws for watch and in- 
strument work. Tornos Automatic 
Type TV machine uses radial tools 
for turning and forming or cutting- 


| 
| 














Save time Tate money 


quality ind par 


self of intiform 


interchangeavdilily 
goston Ge 
ked att 
Boston (;car Di 
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AKRON, OHIO 
Bearing Distributors, Inc. 
280 E. Exchange St. 
ALBANY, — w YORK 
Seger-Spuck Sup. ay 
360: "366 Broad: 
WN, PENNSYLVANIA 

Wm. H, Toylor & Co. 
250-256 Hamilton =. 
wy GEORGIA 

M. Tull oan Sup. Co. 

bes Marietta St. 
BALTIMORE, MARYLAND 
Corey Mchy. & Sup. Co. 
3501 Brehm's Lone 
BIRMINGHAM, ALABAMA 
—— “- , ine. 
1009 2nd Av: 
BOSTON, MASSACHUSETTS 
Chendier & Farq ae, La 
900 Commonwealth 
BRIDGEPORT, connecricut 
Hawley Hardware Co 
1120 Main St. 
BROOKLYN, NEW YORK 
HL. Dick r 
31 4-36th 
purrato, ew York 
Root, Nea! & Co. 
64 Peabody St. 
CHARLOTTE, NORTH CAROLINA 
Matthews-Morse Soles Co. 
301 Eost 7th St 
CHATTANOOGA, TENNESSEE 
Volunteer Bearing & Transmission Co., Inc. 
2000 South Brood St 
CHICAGO, ILLINOIS 
Boston Gear Works 
955 W. Washington Bivd. 
Chgo. Pulley & Shaofting Co. 
23 WN. Desplaines St. 
Somvel Horris & Co. 
114-116 N, Clinton St. 
Power Trans. Equip. Co. 
1245 W. Fulton St 
CINCINNATI, OHIO 
Queen City Sup. Co. 
Peor! & Elm Sts 
CLEVELAND, OHIO 
Beoring Distributors, inc. 
2618 Cornegie Ave. 
Boston Gear Works 
211 St. Clo Ave., N. W. 
Mav-Sherwood Sup. Co. 
800 Lime Road 
COLUMBUS, OHIO 
Ohio Trans. Co. 
466 Porsons Ave 
DALLAS, TEXAS 
Geo. J. Fix Co 
2413-15 Commerce St. 
DAYTON, OHIO 
Klinger -Dills 
1041 So. Patterson Bivd 
DENVER, COLORADO 
Western Belting & Packing Co. 


149-165 E. Larned St 
GRAND RAPIDS, MICHIGAN 
Machoy industr, _ _ Co. 
704 Jetterson 
onsinssono, wont CAROLINA 
Trans. ova inc. 

403 Wolker Ave. 
HAMILTON, ONTARIO 
Renold- We itd. 
443 King 
nantrono, ‘conmacticut 
Ssllitor-Holden, inc 
433 New Pork Ave. 
HOUSTON, TEXAS 
Geo. J. Fin —_ 
2702 Polk Av 
INDIANAPOLIS, INDIANA 
en wees! Noe 
402 W. Maryland 
eee PLoRDA 
$. 6. ey Co. 
32 Ww. 
KANSAS "ent, missOURI 
Ellteidt Mchy > Sup. Co. 
1219 McGee 
KNOXVILLE, ‘Vareneessen 
Hoyt N. amyl am 
410 E. Depot A 
—re a PENNSYLVANIA 
Herr & 
Prince & Chesteut Sts 
LONDON, ONTARIO 
Renoid-Coventry, lid. 
AS Piccadilly 

NG ISLAND — NEW YORK 

t C. Bigiow & Co., inc. 
11-06 Jackson Ave. 
LOS ANGELES, CALIFORNIA 
Andrews Hardware & Metal Co. 
334 S. Main St. 
Gerrett Supply Co. 
3844 S. Sento Fe Ave. 





BOSTO 


STOCKS ARE 


at factor 


eat 


prices 
1 ure your 


by standard 


ir quality pre 


Author 
} 


tripbutofr O! 


LOUISVILLE, KENTUCKY 
industrial Equip. Co 
1377 South 7th St 
MEMPHIS, p_ veneneneeas 
Lewis Sup. Co. 
Main at Butler Sts 
MIAMI, FLORIDA 
+ Corp. 

2140-50 N. Miami Ave, 
MILWAUKEE, WISCONSIN 
Western iron Stores Co, 
a = Eost Syhows Ste 

Co. 
Mir 917 N. Market St. 
MINNEAPOLIS, MINNESOTA 
8. C. Duncon Co., 1300 4th 4 
industrial Supply Co 
1100-08 3rd Ave. S 
MONTREAL, QUEBEC 
Renold-Coventry, iid 
1006 Mountain St 
NEWARK, NEW JERSEY 
Squier, Schilling & Skiff 
419 Plane St. 
NEW ORLEANS, LOUISIANS 
Melellan A-C Sup. Co. 
2375 Tchoupitovias St 
NEW YORK, NEW YORK 


ton Gear Works, 480 Cone! &. 
Frank Tracy, inc., 202 Centre &, 
OAKLAND, CALIFORNIA 
C. W. Morwedel 
Tith & Alice Sts 
PHILADELPHIA, PENNSYLY) 
Boston Gear Works 
Brood St. Cor. of Lycoming & 18 
lindsay, Oberholzer & Co. 
4432 Ridge Ave 
Maddock & Company 
42 N. Siath St 
PITTSBURGH, PENNSYLVANA 

Co. 


PROVIDENCE, RMODE ISLAND 
Machine Parts Corp 

271 Washington St 

QUEBEC, QUEBEC 
Renold-Coventry, i'd 

5 Bouriamaque Ave 

QUINCY, MASSACHUSETTS 
Boston Gear Works 

14 Heyward St 

RICHMOND, VIRGINIA 
Industrie! Sup. Co 

1 Sth & Franklin Sr 
ROCHESTER, NEW YORK 
John M. Forster Co 

110 mal St 

ST. LOUIS, MISSOURI 
Colcord- Wright Mchy. & Sup. Co. 
1223-1229 N. Broodway 

SAN FRANCISCO, CALIFORNA 
Boston Geor Works 

123 10th St 

C. W. Morwedel 

1235 Mission St 

SEATTLE, WASHINGTON 
Cragin & Co . 

932 First Ave 

SPRINGFIELD, MASSACHUSETTS 
Boston Geor Work 

19 Worthington 

SYRACUSE, NEW YORK 


TAMPA, FLORIDA 
Southern Pump & 5 
902 Twiggs St 


oe 
TORONTO, ‘Onrani® 


e _ 
50 Edword St 
TRENTON, NEW nee 


VANCOUVER, f. C- 
Renoid-Covent) 

1066 Sey™ 

warensuay, CONNECTICUT 
White Supply 

297 Thomaston 4 
WILKES-BARRE PeNNSTLY! 


WINSTON-SAL'™ 
NORTH CAROLINA 
Kester —" 

300 E. 3rd & 

WORCESTER, ma ssacnusens 


BOSTON..: 


STOCKS ARE Now’s 
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HIDDEN 
QUALITY 


Take the Case of the 
Baking Oven 


The hidden quality in BOSTON Reductors and a a 
Ratiomotors is very real, even if you don’t detect it Specify Standardize 

at first glance. It is the result of BOSTON Gear's Boston Reductors and Ratiomotors 
strict materials control, master craftsmanship and 

rigid inspection system. This hidden quality plus Design Them Into Your Equipment 
the unequalled convenience and service obtainable 

from Authorized Boston Gear Distributors (see ad- Get Them From Nearby Stock 
jacent list) makes it true and lasting economy to: 





FRACTIONAL / / 
HORSEPOWER 


We offer a complete service in fractional 
horsepower gearing to fit individual needs. 
Send us your inquiries. We guarantee 
prompt quotations and deliveries. 


Rynel equipment includes the latest for pro- 
duction of quality gears and we pride our- 
selves on our long record for service. Con- 
sult us on your gearing problems; we feel 
confident that Rynel Certified Gears will 
provide the answer. 


F, / ‘€- 
NYyn eC orpora fi OL) 


301 MILLER ST. 


STERLING, ILLINOIS 





When the Heat’s On and 


the Pressure is Great— 
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by EAGLE 
furnishes the “‘Brainwork’’! 


Three EAGLE Flush-Mounted CYCL-FLEX TIMERS 
with “Oil-Proof Dial" control the sequence of op- 
erations on the new 300-ounce Plastic Injection 
Molding Press built by the Watson-Stillman Com- 


there’s an Eagle 
Timer to control 


EAGLE SIGNAL 


CORPORATIO 


Cxllelae/Zo/ 


off operations, employs sensit; 
threading spindle and slot'ing 

tachment. Stock capacity, 4. 
diameter; max length, 1 in.; m 
headstock speed, 12,000 rpm; » 
speed of camshaft, 120 picces » 
minute. Carl Hirschmann Co., Ma 
hasset, N. Y. 


UNIVERSAL THREAD AND WORM Grin 
ER: For production or tool room a 
plications. With attachments, grinj 
internal threads to 5-in. diametg 
Reishauer Type NRK machine wuss 
both longitudinal feed and in-fee 
methods of grinding. Handles wo 
up to 28-in. centers, grinds thread 
to 17% in. long, from 0.120 to 8 
thread diameter with pitch rang 
from 60 threads per inch to 3 i 
Wheel speeds, 1550 or 1900 rpm 
work spindle speeds range from 1 
to 80 rpm. The Cosa Corp., Ne 
York, N. Y. 


SEGMENTAL NOTCHING PRESS: Fo 
notching motor segment lamina 
tions of larger sizes that cannot b 
handled in conventional index rin 
type fixtures. Capacity, from 24-in 
diameter segments up to straigh 
line. V & O Press Co., Div. 4 
Hartford-Empire Co., Hudson, N.Y 


LATHE ATTACHMENT: Vertical ro 
attachment for lathes for jig bo 
ing, drilling, reaming, flycutter fad 
ing, etc. Angular location of wo 
accurate to 1/,,-degree. Fits mo 
9 and 10-in. lathes. Allan Man 
facturing Co., Long Island 
| ae 


MICRO DRILL PRESS: For acc 
drilling of holes down to 0.0024 
Uses collets in stock sizes from 0. 
mm (0.004-in.) to 1.0 mm in inert 
ments of 0.05-mm, and from 1.1 mi 
to 5.0 mm (0.197-in.) in incremem 
of 0.l-mm. Powered by 1/204 
motor with standard pulley spind 
speeds of 1000, 1750 and 3000 n 
Max drill size recommended, '%- 
Work fed to drill by raising tabl 
Max table travel, 1% in.; max® 
tance between table and end of spit 
dle, 4 in. Louis Levin & Son Ine 
Los Angeles, Calif. 


PRESSES: New line of tw: 
centric presses for gene 
blanking, forming and 
Two main gear eccentri’ 
to withstand severe ope! 
ditions. Torsional and 2 
tions reduced by having 
volve in crown bushings. 
lubrication includes ca 
pressure’ types. Dou! 
presses have dimensions 
fications conforming to . 
ards. E. W. Bliss Co., C: 


METAL SPRAYING GUN: For coatin 
rolls, shafts or machine elem@ 
from lathe mounting. Mogulee 


point ed 
-p DU 
drawit 
designe 
‘ing el 
al defied 
hafts r 
.utomall 
ade # 
e- ge O 
nd spec 
(C stand 
iton, O. 
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Here is a handy compilation of the latest 
information on Magnesium Alloys and 
Products. The purpose of this book is to 
acquaint the reader with the forms in 
which magnesium is manufactured and 
to provide information on properties, 
sizes, tolerances and other significant data. 


If you are using magnesium now, or con- 
template using it in the future, you will 
find this handbook of vital importance. 
For your copy of ‘Magnesium Alloys and 
Products” simply write to Dept. MG-75, 
using your company letterhead. 


MAGNESIUM DIVISION 


THE DOW CHEMICAL COMPANY «+ MIDLAND, MICHIGAN 
York * Boston + Philadelphia * Washington + Atlanta + Cleveland * Detroit * Chicago 
St. Lovis *« Houston ¢ SanFrancisco « Los Angeles + Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 
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Save Time—— 








in Designing and 
Building Machines 


ANALYSIS of the 
FOUR BAR LINKAGE 


By JOHN A. HRONES and GEORGE L. 
NELSON, both of The Massachusetts 
Institute of Technology 


7,000 Curves, 500,000 Solutions 
This new, thorough book makes 
the properties of the useful four- 
bar linkage easy to find. The large 
diagrams give the velocity at 72 
equal intervals of drive crank angle 
along each path. The exact range 
covered includes all operations in 
which the driving crank makes a 
complete revolution while the fol- 
lower crank oscillates. 


As opposed to the cam, the four- 
bar linkage saves designing and 
building time, lowers machine 
stress, gives higher speed of opera- 
tion with longer life and saves 
manufacturing cost. 


Analysis of the Four Bar Linkage 
helps you synthesize the best mech- 
anism for each job. Use it in de- 
signing. 

production machinery 

vending machinery 

machine tools 

mechanical toys 

conveying equipment 

computing machinery 

printing machinery 

shoe machinery 

textile machinery—and many 

other types 
In addition to diagrams, Analysis 
of the Four Bar Linkage includes 
some text material analyzing the 
applications of the diagrams to 
specific design problems. 
Co-published by 
THE TECHNOLOGY PRESS, 
The Massachusetts Institute of 
Technology 

and 
JOHN WILEY & SONS, INC., 
440-4th Ave., New York 16, N. Y. 
1951 730 pages $15.00 


Send coupon today for 10-day Free ex- 
amination 


APPROVAL COUPON 


John Wiley & Sons, Inc., Dept. MD-551 
rn Fourth Ave., New York 16, N. Y. 

10-days lena send Hrones & 
Nelsos’ s ysis of the Four Bar 
Linkage. will remit $15.00 plus 
postage or cae book postpaid. (Offer 
not valid outside U. S.) 


Name 

Address 

City 

Employed 

SAVE POSTAGE. “We Pay Postage if 


you enclose $15.00 now oney back 
on same return privilege. 








gun adds metal to metal by fine 
atomization of wire stock at 6300 F. 
Unit weighs 20 Ib, is designed pri- 
marily for stationary operation. 
Powered by 1/20-hp constant-speed 
induction motor. Gun sprays #15 
. B.&S. gage wire up to ¥-in. di- 
ameter. Speed, from 18 lb per hour 
for aluminum and nickel to 80 Ib 
per hour for zinc. Variable speed 
indicator regulated according to 
metal being sprayed. Metallizing 
Co. of America, Chicago, Il. 


FLASH-BUTT WELDER: Simultaneously 
welds both ends of tubular chair 
rung to tubular legs of metal chairs. 
Because tubes are butt welded, no 
extra material is required as in 
brazing. BMFU-75 welder is pneu- 
matically-operated electrical resist- 
ance type machine rated at 75 kva, 
wired for 220 or 440-v, single-phase, 
60-cycle power supply. Flashing 
and unsetting automatically ac- 
complished by air cylinder actuated 
gear and rack mechanism. Requires 
10 seconds per chair, including load- 
ing and unloading time, giving pro- 
duction rate of 300 chairs per hour. 
Sciaky Bros. Inc., Chicago, Il. 


STAKING MACHINE: Air operated ma- 
chine for staking or riveting fixed 
or movable joints and for eyeletting, 
inserting grommets, burring, and 
pointing with platinum, tungsten or 
silver. Furnished with air foot 
switch, with dual hand controls 
available. Spindle uses pressure 
pad to compress assembly before 
staking. Hammer blow adjustable. 
Capacity, 1000 pieces per hour. The 
High Speed Hammer Co. Inc., Roch- 
ester, N. Y. 


CUTTING MACHINE: Rotary-oscillating 
hydraulic wet abrasive cutting ma- 
chine. Work revolves and abrasive 
wheel oscillates. Cuts round solid 
bars to 8-in. diameter, tubing to 8- 
in. OD, ferrous, nonferrous or plas- 
tic materials. Temperature of work 
controlled by proper distribution of 
coolant. Employs hydraulic wheel 
feed and work clamps. Campbell 
Machine Div., American Chain & 
Hoist Co. Inc., Bridgeport, Conn. 


TRANSFORMER ARC WELDERS: Indoor or 
all-weather models in 300, 400 and 
500 amp sizes. First two models 
have automatic “hot starting” con- 
trol with arc-stabilizing capacitors. 
Silicone insulation provides safety 
at high temperatures and is water 
repellent. No rotating parts ex- 
cept fan on larger two models. Air 
Reduction Sales Co., New York, 
) > A 


DIECASTING MACHINES: Models #2 and 
#2G machines. High pressure 
gooseneck attachment of former 
machine for zinc, tin or lead base 
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improve the job 


Ledeen Cylinders are Good Cylinders + 


CYLINDERS OPERATE 
BRIDGING SECTIONS Of 
LUMBER SEPARATOR 


ilustration shows lumber separator and 
grading table behind #2 resaw at Booth- 
Kelly Lumber Company, Springfield, 
Oregon. Here the graded boards ar 
separated into 5 segregations depending 
on subsequent processing required 
for each board. Bridging 

sections of the separators 

are actuated by 4 Ledeen 
Air-Operated Heavy 

Duty Cylinders, shown fi 
suspended from 
cross beam at far 
end of separator. 
Standard 

Ledeen cylinders 
and mounting 
attachments are 
available from 
distributors’ 

stock in major 
cities. Special / 
cylinders on There are 


ip fi / Ledeen 
ae he Medium Duly, 
eal i Heavy Duty 
1. and Super Duty 
cylinders for ait, oil 

or water operation 

ready to help you 

wherever you have fo 

push or pull * lift of 

lower « press or squeeze® 

tilt or turn * open OF close 


Ledean My 


1606 S. San Pedro 
ey Angeles 15 ea 


Ledeen Cylinders are Good Cylinders 


y 


+ Ledeen Cylinders are Good Cylinders 


Ledeen Cylinders are Good Cylinders 
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A-TS TYPE 
HYATT HY-LOAD 


BU-Z TYPE 
HYATT HY-LOAD 
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bas straight cylindrical race in 
each of the bearings pictured 


here permits axial freedom of the 
shaft to accommodate thermal ex- 
pansion or other limited shaft move- 
ment. This is but one of the ad- 


vantages enjoyed by designers who 


-employ the Hyatt line of Hy-Load 


Roller Bearings. Others include: 


option of omitted race operation, 


complete interchangeability of 


parts, maximum capacity for stand- 
ard dimensions—and long trouble- 
free life. 

Full information about all types 
of Hyatt Hy-Load Roller Bearings is 
contained in Hyatt Catalog 547... 
a complete engineering guide to 
radial bearing selection and use. 
Write now for a copy. Hyatt Bear- 
ings Division, General Motors Cor- 


poration, Harrison, New Jersey. 





Axe 


for dependable 


YOU'LL ALWAYS ROLL 
WITH “CARAVAN” 


CARAVAN units increase operating 
efficiency, reduce axle costs, and pro- 
vide dependable movability for all 
types of portable equipment. These 
durable axles are recommended for 
military and industrial as well as 
field-service and construction equip- 
ment such as concrete mixers, welding 
apparatus, drilling rigs, etc. 

Available in two-wheel, single-axle 
units as well as four-wheel automotive 
type running-gear, CARAVAN units 
are furnished in straight and drop 
types. CARAVAN four-wheel axles 
employ controlled camber, toe-in and 
caster, which facilitate positive trail 
at high speeds or over rough terrain. 
Axle beam construction is of solid 
square steel stock, and sized to in- 
dividual specifications. 

Featuring load capacities from 1,000 
to more than 12,000 pounds, CARA- 
VAN axles are available in a wide 
range of sizes and models to meet 
all requirements. 


Multicolored, 12-page, illu- 
strated Catalog No. 107? 
describes complete line of 
CARAVAN axles as well as 
CARAVAN surge-control 
braking device and CARA- 
VAN retractable third-wheel 
for use ontwo-wheel, single- 
oxle units. Catalog includes 
photographs, line drawings 
and complete specifications. 
Write today for your copy. 


)) THE UNITED MFG. 
COMPANY 


514 W. INTERSTATE ST. « BEDFORD, OHIO 


260 





alloys is interchangeable with high 
pressure cold chamber attachment 
of other machine for aluminum, 
magnesium and brass alloys. Pow- 
ered by 20-hp motor and hydraulic 
pump. Max shot capacity of #2 
machine, 15 lb (zinc); capacity of 
#2G, 9 lb (aluminum). Two out- 
lets in stationary die plate offer 
choice of nozzle locations and allow 
better distribution of metal. Reed- 
Prentice Corp., Worcester, Mass. 


Materials Handling 


FORK LIFT TRUCKS: Feature shorter 
length and width, narrower turn- 
ing radius than previous models. 
Available in 15 and 24-in. load 
centers. Powered by 4-cylinder, 61- 
cu in. displacement engine in stand- 
ard mast lift heights of 72, 84, 108, 
114 and 120 in. The Buda Co., Har- 
vey, Til. 


FREIGHT TRUCK: Battery-operated 
freight truck for use in plants as 
pick-up or delivery truck. Load- 
Mobile permits operator to sit fac- 
ing either direction, or to stand 
while driving. In 3000 and 5000-Ib 
capacity models. No-load speeds, 
3.5 to 4 mph; full-load speed, 3 
and 2.5 mph, respectively. Market 
Forge Co., Everett, Mass. 


Packaging 


AMPULE PRINTER: For automatic high- 
speed printing on ampules, vials, 
carpuls, glass rods, glass droppers, 
etc. Includes automatic one-color 
silk-screen printing unit and small 
conveyor furnace with 1100 F. max 
temperature to fuse enamel to glass 
surface. Requires only one oper- 
ator, produces 3000 to 5000 ampules 
per hour. Machine adjustable be- 
tween 25 and 150-mm ampul length. 
Ceragraphic Inc., Newark, N. J. 


Plant Equipment 


MASONRY SAW: Portable saw in wet 
and dry cutting types. Uses abra- 
sive or diamond type cutting 
wheels. Handcrank controls posi- 
tion of self-locking wheel-position- 
ing mechanism. Proper grinding 
wheel pressure maintained regard- 
less of pressure on foot pedal that 
controls feeding of cutting wheel 
into work. Cutting table rides on 
enclosed ball bearings. The Su- 
preme Equipment Corp., Cleveland, 
oO. 


Testing and Inspection 


MICROHARDNESS TESTER: Kentron 
tester for making Knoop or Vick- 
ers hardness tests on metals, fine 
wire, small precision parts, plas- 
tics, glass, paint, ceramics, etc. 
Testing load range increased—in- 
strument applies dead weight loads 
from 1 to 10,000 grams. Mechanical 
stage designed to slide specimens 





ONLY A BALL 


one dimension # 
one surface 


but oh—how important 


Important not only in precision 


ball bearings, but also in the lot of f/ : 


other applications where Strom 
metal balls have been doing the job 
better. Strom has been in on a 
great many ball-application prob 
lems, and knows how important 
these two factors are for the best 
results. 

Strom has been making precision 
metal balls for over 25 years for all 
industry and can be a big help t 
you in selecting the right ball for 
any of your requirements. In siz 
and spherical accuracy, perfection 
of surface, uniformity, and depend- 
able physical quality, there’s not 4 
better ball made. 
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\ # MILITARY 
f” REQUIREMENTS 











DYNAMOTORS 


WINDSHIELD WIPERS 
AND OTHER SPECIAL 
EQUIPMENT 


* 


You can look to the efficient Redmond 
organization for the kind of cooperation 
you need in the development and manufac- 
turing of military equipment. Here you 








also get capable engineering service keyed 
to high volume production techniques. At 
the Redmond Company you are served by 
an active team of 3000 thoroughly trained 
personnel. 

More than 35,000,000 Redmond Micro- 
motors, dynamotors and other products 
have been built for civilian and military 
use. Phone, or drop us a line today. 


Kedmond COMPANY, Inc. 








REDMOND COMPANY, INC., Owosso, Mich., U.S.A. INDUC- 
TION MOTOR SALES OFFICES: Eastern Area: 420 Lexing- 
ton Ave., New York 17, N. Y.; Central Area: Owosso, 
Michigan; Midwest Area: 332 S. Michigan, Chicago 4, 
Ill.; Southwest Area: 1330 N. Industrial Bivd., Dailas, 
Texas; Western Area: (Redmond Company of Calif., Inc.) 
1260 S. Boyle Ave., Los Angeles 23, Calif, SERIES MOTOR 
SALES OFFICES: Owosso, Mich. OVERSEAS SALES OFFICES: 

20 Lexington Ave., New York 17, N.Y., cable address, 
REDISINC - NEW YORK. 





with a 


MONEY-BACK 
GUARANTEE OF 
LONGER SERVICE 


al LIRR 


Re 


BEARINGS 

BUSHINGS 
WEARING PARTS 
Machined or rough cast 
American Crucible meth- 
ods, experience, know- 
how and equipment re- 
sult in highest quality and 
attractive savings to you. 
Write for literature or 
send blueprints, condi- 
tions of operation, etc., 


for quotations and rec- 
ommendations as to al- 


loys. 
THE 
AMERICAN CRUCIBLE 
PRODUCTS CO. 
1321 OBERLIN AVE. 


LORAIN, OHIO 
U.S.A. 








BATTERY 


under objectives up to 1000X mag- 
nification. Vise is indexed to facili- 
tate relocation of impressions. Kent 
Cliff Laboratories, Peekskill, N. Y. 


PORTABLE HARDNESS TESTER: Hard- 
ened steel rod locks in cocked posi- 
tion until released by trigger. 
Plunger rebounds from surface of 
material being tested, is locked at 
highest point of rebound. Permits 
hardness readings on Rockwell C, 
Rockwell B and Brinell scales. Pea- 
body Industries Inc., Highland 
Park, Mich. 


CABIN LEAKAGE TESTER: Portable test- 
er for fighter type aircraft. Meas- 
ures 24 by 24 by 12 in., weighs 100 
Ib. Capacity, to 200 cfm free air. 
For pressure testing from 2.5 to 10 
psi; designed to use plant air. 
Sprague Engineering ¢& Sales, Gar- 
dena, Calif. 


TESTING MACHINE: For 
shaking or “vibrate to destruction” 
tests. To determine operating char- 
acteristics, wear life, etc., of bat- 
teries. Vibrations produced by two 
pairs of rotating unbalanced fly- 
wheels operating at 1800 to 2000 
rpm. Amplitude is adjustable. Ma- 
chine powered by 1-hp motor 
through belt drive. Deister Machine 
Co., Fort Wayne, Ind. 


Woodworking Equipment 


DISK SANDERS: Two models for use 


in auto repair and body shops, 
welding shops, metal fabricating 
plants, foundries, woodworking 
plants, etc. Model 460 is heavy- 
duty sander with 7-in. backing pad, 
18-in. overall length, 14-lb weight. 
Model 465 is standard-duty model, 
with 9-in. backing pad, 18-in. 
length without pad, 14%-lb weight. 
Powered by %-hp universal 220-v 
motor with 4200-rpm no-load speed. 
Cummins Portable Tools, division 
of Cummins-Chicago Corp., Chi- 
cago, Iil. 


POWER HAND SANDER: Model 105 fin- 


ishing sander for carpenters, auto 
body workers, home use, etc. Abra- 
sive pad revolves in ¥-in, diam- 
eter orbit at 5000 rpm. Dimensions, 
9 by 3 by 3%-in. Weight, 5 Ib. 
Uses % of standard 9 by 11 in. 
abrasive sheet. Porter-Cable Ma- 
chine Co., Syracuse, N. Y. , 


RADIAL SAW: Model 450 saw for bev- 


el, miter, rip, dado, plough and 
rabbet cuts. With either manual or 
magnetic controls, in various volt- 
age, horsepower and motor cycle 
specifications. With 14 or 16-in. 
blades. Requires 4% by 6-ft floor 
space, weighs 475 lb. Work table 
is 11% in. deep, can be increased 
to 13% in. if desired. Skilsaw Inc., 
Chicago, Ill. 








: LITTLEFORN : 


WELDMENTS 


for 
Production Economy 


Littleford facilities and skilled work 
men are qualified to fabricate any 
product of plate or sheet metal that 
may apply to your production. 


Littleford weldments have long been 
known for uniformity, accuracy 
strength and adaptability. Rigid de- 
mands of manufacturing plants, de 
sign engineers, have been met easily 
and without exception. 


If you have a weldment problem send 
blueprints to Littleford, see how ex- 
perience can insure economies in 
plate and sheet metal fabrication. 


* 








LITTLEFORD BROS, INC. 
424 E. Pearl St., Cincinnati 2, Ohio 
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PLASTICS IN ENGINEERING By John 
Delmonte. Here’s a brand new “how- 
tedoit” book of technical data 
that will help you determine the RIcHT 

material, the ricHT mold design 
and the nicuTt fabricating technique 
to solve your plastics problem. PLasTIcs 
ww ENcINEERING puts scores of up-to-the- 
minute facts about plastics right at your 
fingertips: How strong various plastics 
are—for what uses they are best suited 
—how to design plastic parts—how 
these remarkable synthetic materials are 
molded, extruded, laminated, cast—how 
much heat they will stand—how to guard 
against failure—how to machine plas- 
tics—and other vital factors that are so 
emential to satisfactory plastics per- 
formance. Contains 656 pages . . . 168 
illustrations . . . 81 tables. Third edition. 
Price $10. 


MECHANICAL SPRINGS By A. M. 
Wahl. This book is filled with the kind 
of information that will enable you to 
make preliminary calculations on the 
design of all types of springs: Compres- 
fiom... tension .. . torsion... and 
spiral. Practical formulas for design, 
plus complete, authoritative information 
on spring application make it a valu- 
thle addition to your handbook and 
eigineering data files. This book of 
5 pages puts spring design on a 
tational basis. You will find that no 
matter what your problem . . . working 
tess... fatigue . .. buckling. . 
@ just plain maximum efficiency . . . 
the use of “Mechanical Springs” 
will reduce your number of spring fail- 
es due to “guesswork” as well as 
sve you time and materials. Price $6. 


GATES & RISERS FOR CASTINGS By 
Pat Dwyer. This book by the engineering 
editor of The Founpry magazine, has 
00 equal as a source of information on 
to eliminate casting defects. Foun- 
will find that it thoroughly 
vers all the various problems that 
arise in the design and use of gates 
risers. Detailed examples of gates 
tid risers for practically all types of 
us and non-ferrous castings are 
ibed and illustrated. It gives you 
Practical methods of gating gray iron, 
steel, malleable iron, aluminum, brass 
nze castings. Practically every 
that you can encounter is 
In an easy-to-read text that is 
‘ccompanied by detailed drawings. This 
new, third edition, contains 384 
Pages, 247 illustrations, 31 chapters, and 
s cross-indexed. Price $6. 


Publishe: by the Pen 
ton Publishing Com- 
pany, 1213 West Third St., Cleveland 13, Ohio. 
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vow moce QUESSWOFK — 


Are You Putting into Your Designs? 


“PRODUCTION PROCESSES, Their Influence on Design,” 
by Roger W, Bolz, is a new working tool that will 
help you take the “guesswork” out of your designs. 
It’s your answer to the problem of how to design 
specifically for production. It puts at your instant 
command the facts and figures you need to know 
about the various production processes ... and how 
they influence your designs. 


Covers 36 Different Processes 
PRODUCTION PROCESSES is packed from cover to cover 
with facts and figures on 36 different processes. When you want to design 
a@ new part or improve a present design, you will find in its pages every 
fact that has a bearing on your work. When you want to know the character, 
scope, capabilities, or limitations of a process—you will find it in this book, 
simply and clearly explained. 
PRODUCTION PROCESSES thoroughly covers all the different design factors in- 
volved in Metal Removal, Forming, Working, Forging and Deposition. It 
gives you down to earth data on such factors as how to select materials... 
the surface finishes produced by various processes ... and the practical 
tolerances which can be held while using various processes. 


Answers These Typical Questions 


What production factors should be considered in design? . . . What pitfalls 
should be avoided in designing? . . . What level of precision can be main- 
tained in mass production without exceeding normal costs? ... What are the 
minimum production levels below which costs may be excessive? ... When 
are the various production processes used? 


Practical Production Approach 
PRODUCTION PROCESSES will be invaluable to you and the men working with 
you because it presents 658 pages of basic production process information in 
concise, easy-reference form, complete with over 650 illustrations, tables, 


graphs and charts. It’s quickly read—quickly comprehended, 


Free Trial Offer 

Why not decide for yourself how useful PRODUCTION PROCESSES, or any of the 
books listed on this page, can be to you? Just fill in the certificate and 
mail it today. It will bring you a copy of the book you want to see by 
return mail. Examine it FREE for ten days—at the end of that time send 
us the purchase price of the book, plus a few cents for postage—or return 
the book absolutely without obligation. Just fill-in and mail the free examina- 
tion certificate now. 


FREE TRIAL CERTIFICATE- 


THE PENTON PUBLISHING COMPANY, Book Department 
1213 West Third Street, Cleveland 13, Ohio 


Please send the following books I have checked: 

CJ Production Processes, $10. 
() Mechanical Springs, $6. 

C) Plastics in Engineering, $10. 
() Gates and Risers, $6. 


Title 


purchase price, plus a few cents for 
postage, or return it in good condition. 
(] Remittance enclosed* in which case the book 
will be sent postpaid. 











Zone 
* Please add 3% to cover state sales taz on orders for delivery in Ohio. 





“cee ew we eee eee eee eaeaeeeeaeea «= a! 


PAAAAA DO OALOGAOA GSO OSGHROSSSOSEDase 


ey 





ADVERTISING INDEX 





a 


Abart Gear & Machine Co. 274 
Acme Industrial Co. .......... .. 280 
Ajax Flexible Coupling Co., Inc. 249 
Alemite, Division of Stewart-Warner 

Com. .. bs ants .. 7 
All American Too! & Riiteannn Co. 283 
Allegheny Ludium Steel Corp. ........ 76 
Allen Manufacturing Co., The ... ic 
Allis-Chalmers. Manufacturing 

Co. d Inside Front Cover 
Allis, Louis, Co., The dade 101 
American Brass Co., The 63 
American Brass Co., The, American 

Metal Hose Branch .... 14 
American Crucible Products Co., The .. 
American Felt Co. 

American-Fort Pitt Spring Division, H. K. 

Porter Co., Inc. rae 
American Machine and Metals, py 

United States Gauge Division ew 
American Metal Hose Branch, The 

American Brass Co. 14 
American Screw Co. 45 
American Steel & Wire Co. ...46, 47, 74, 75 
Anchor Coupling Co., Inc. 189 
Armstrong Cork Co. .. Ty . ae 
Arrow-Hart & Hegeman Electric Co., 

The . WSEAS 77, 78 
Arrowhead Rubber Co. .. 244 
Arwood Precision Casting Corp. a 
Atlantic Metal Hose Co., Inc. . 279 
Automatic Switch Co. 277 


Babcock & Wilcox Tube Co., The 

Baldor Electric Co. ; 

Baldwin-Duckworth Division, Chain Belt 
Co. 

Barnes, Wallace, Co. 

Bellows Co., The 

Beryllium Corp., The 

Bethlehem Steel Co. 

Bijur Lubricating Corp. 

Blake & Johnson Co., The 

Bodine Electric Co. 

Boston Gear Works 

Briggs & Stratton Corp. 

Bristol Co., The . 

Browning Manufacturing Co., Inc. 

Bunting Brass & Bronze Co., The 


Cc 


Cambridge Wire Cloth Co., The 
Camcor Screw & Manufacturing Co. 
Cannon Electric Development Co. 
Carpenter Steel Co., The 


Carpenter Steel Co., The, Alloy Tube 

Division .. —_ 
Cash, A. W., Valve entieteing hie. 274 
Central Screw Co. 
Century Electric Co. 
Chain Belt Co. “2 
Chicago Metal Hose Corp. ... 
Chicago Rawhide Manufacturing Co. 
Chiksan Co. 
Cincinnati Gear Co., The 
Clare, C. P., & Co. 
Clark Controller Co., The ... nA 
Columbia Steel Co. 46, 47, 74, 75 
Commercial Shearing & puesieg Co., 

The 
Consolidated Rieieaie Corp. 
Continental-Diamond Fibre Co. 
Continental Screw Co. ... 
Crane Co. 
Crane Packing Co. 
Cuno Engineering Corp. 
Cutler-Hammer, Inc. Back Cover 


D 


De Laval Steam Turbine Co. 
Denison Engineering Co., The 
Diamond Chain Co., Inc. .. 
Disston, Henry, & Sons, Inc. 
Dixon, Joseph, Crucible Co. 
Dodge Manufacturing Corp. 
Dow Chemical Co., The 

Dow Corning Corp. 

Driv-Lok Pin Co. 

Dunbar Glass Corp. 


Eagle Signal Corp. 256 
Eastman Kodak Co. .... 22% 
Elastic Stop Nut Corporation of America 72 
Elco Tool & Screw Corp. van ee 


Fairbanks, Morse & Co. 32, 33, 34, 35 
Farval Corp., The , 43 
Fawick Airflex Co., Inc. 212 
Federal-Mogu! Corp. 230 
Fellows Gear Shaper Co., The 28 
Fenwal, Inc. 8 
Foote Bros. Gear and Machine Corp. 73 
Friez Instrument Division of Bendix 

Aviation Corp. 270 


G 


Gast Manufacturing Co. 
Gates Rubber Co., The 
Gear Specialties, Inc. 


General American Transportation Corp. 89, 
General Electric Co. 
60, 61, 65, 66, 67, 68, 97, 195, 2 

Geneva Machine & Tool Corp. 
Gerotor May Corp. 
Gilmer, L. H., Co., Division of United 

States Rubber Co. ..... 40, 4 
Goodyear Tire & Rubber Co., ‘The aan 
Graton & Knight Co. 
Great Lakes Screw Corp. 
Greene, Tweed & Co. 
Greer Hydraulics, Inc. ; 
Guanilian Electric Reteniiiin Co. 


H 


Hamilton Standard, Division of United 
Aircraft Corp. 

Hannifin Corp. a 

Harper, H. M., Co., The rat 45, 

Haynes Stellite Co., A Division of Union 
Carbide and Carbon Corp. 

Heli-Coil Corp. 

Herbrand Division, The Bingham- Herbrand 
Corp. 

Hercules Powder Co., Cellulose Products 
Dept. ol 

Holo-Krome Screw ‘Cees ‘The 

Hoover Ball and Bearing Co. 

Houghton, E. F., & Co. ia 

Hunt, C. B., & Son, Inc. ..........250,2 

Hyatt Bearings Division, General Motors 
Corp. 


Illinois Coil Spring Co. 

imperial Pencil Tracing Cloth Co. 
Indiana Gear Works .. 
Industrial Timer Corp. 

Inland Steel Co. 

International Packings Corp. 


Janette Manufacturing Co. 

Jenkins Bros. 

Johnson Bronze Co. 

Jones, Howard B., Division, Cinch 
Manufacturing Corp. 


K 


Kaydon Engineering Corp., The 

Kohler Co. ; 
Koppers Co., Inc., Fast’s Coupling Deak 
Kupfrian Manufacturing Co. ‘ 
Kux Machine Co. 





MACHINE DESIGN—-May 











